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1196Chapter 1
PSYCHOMOTOR SPEED AS A MARKER FOR OVERTRAINING
IN ATHLETES: AN INTRODUCTION
This introduction is an adapted version of:
Nederhof, E., Lemmink, K.A.P.M., Visscher, C., Meeusen, R. & Mulder, Th.
(2006). Psychomotor speed: Possibly a new marker for overtraining
syndrome. Sports Medicine, 36, 817-828.8
Overtraining syndrome (OTS) is a major threat for performance and health
in athletes. OTS is caused by high levels of (sport specific) stress in
combination with too little regeneration which causes performance
decrements, fatigue and possibly other symptoms. Although there is
general consensus about the causes and consequences, many different
terminologies have been used interchangeably. Therefore, new
terminology is first presented.
The consequences of  overreaching and overtraining are divided in three
categories: Functional overreaching (FO), non-functional overreaching
(NFO) and OTS. In FO performance decrements and fatigue are reversed
within a pre-planned recovery period. FO has no negative consequences
for the athlete on the long term, it might even have positive consequences.
When performance does not improve and feelings of fatigue do not
disappear after the recovery period, overreaching has not been functional
and is thus called NFO. OTS only applies to the most severe cases. NFO and
OTS could be prevented using early markers which should be objective, not
manipulable, applicable in training practice, not too demanding, affordable
and it should be based on a sound theoretical framework. No such markers
exist up to today. It is proposed that psychomotor speed might be such a
marker.
OTS shows similarities with chronic fatigue syndrome (CFS) and with major
depression (MD). Through two meta-analyses it is shown that psychomotor
slowness is consistently present in both syndromes. This leads to the
hypothesis that psychomotor speed is reduced in athletes with OTS as well.
Parallels between commonly used models for NFO and OTS and Satz’s
(1993) threshold theory support the idea that psychomotor speed is
impaired in athletes with NFO or OTS and could also be used as an early
marker to prevent NFO and/or OTS. The chapter concludes with an
explanation of the reaction times tasks that have been used in the studies
and an outline of the dissertation.9
INTRODUCTION
Stress related problems are very common in our society. We all know
that we need some time to relax after a period with lots of stress. This is
so general, that it does not even seem to matter what kind of stressor it
was. The stressor can be a suddenly occurring event, for example when
something happens to a beloved one. Having to take care of this person,
even if you do it with love, is an example of a prolonged stressor. It
prevents us from taking time to relax. The results can be very serious, as
you can undoubtly imagine.
You can also think of more gradually occurring stressors, for example in
our professional life. The possible consequences are, for example, work
distress, burnout or complaints of arms, neck and shoulder (i.e.,
repetitive strain injury, or RSI). In sports a possible consequence of
stress is overtraining syndrome (OTS). OTS is characterised by
performance decrements, fatigue and other complaints such as altered
eating and sleeping patterns, concentration problems and worsened
mood states.
In the past 20 years OTS has received a lot of attention from researchers
and practitioners because it is a serious threat for athletic performance
and health. The primary focus of the majority of research and review
papers has been on the prevention of OTS. However, no reliable marker
for the early detection of OTS has been described so far. Therefore, the
goal of the present chapter is to propose a possible new marker for OTS
using a multidisciplinary approach.
TERMINOLOGY
Before proceeding with reviewing the methods that have been developed
for the early detection of OTS, current terminology in the field will be
discussed because many different terms have been used for the same
concept (Halson & Jeukendrup, 2004; Kreider et al., 1998; Lehmann et
al., 1997; Raglin, 1993; Uusitalo, 2001). In North-American literature
the term staleness is mostly used for the problem that is termed
overtraining syndrome or just overtraining in the European literature.
Other terms that have been used for this phenomenon are failure
adaptation, underrecovery, training stress syndrome and unexplained
underperformance syndrome (Kellmann, 2002a; Robson, 2003; Silva,
1990; Tenenbaum et al., 2003b). Recently, Kellmann (2002b) proposed
to integrate the North-American and the European terminologies. In his
proposal the term short-term overtraining and the term overreaching
should be used synonymous and as verbs. Long-term overtraining should
be used synonymous with overtraining and both should be used as verbs.
Overtraining syndrome is the term Kellmann (2002b) proposes to use for
the negative outcome of long-term overtraining.
However, the authors of the present paper think there is still a problem
with this terminology. Based on practical and clinical observations as well
as on scientific evidence the authors of the present paper conclude that
there must be an additional category between the two categories
Kellmann (2002b) proposed (e.g. overreaching and overtraining). We
propose to divide the outcome of overload training into the following
three categories: Functional overreaching, non-functional overreaching
and overtraining syndrome (Table 1.1).10
Functional overreaching (FO) will be used for a temporary state of
performance decrements and fatigue which is reversed within a pre-
planned period of time. FO usually occurs after a period of overload
training. Because the overreaching has no detrimental effects in the long
term, and in many cases even has positive effects, this kind of
overreaching is termed functional.
In non-functional overreaching (NFO) the overload training does have
detrimental effects in the long term. Full recovery does not take place
within the pre-planned period of time. This is undesirable because of two
reasons. First, a recovery period that takes longer than planned might
interfere with competitions. A second problem that can occur with NFO is
deconditioning due to the longer recovery period. Therefore, this kind of
overreaching is non-functional.
When a state of deteriorated performance and fatigue goes hand in hand
with clinical symptoms while other pathological causes have been ruled
out, we speak of OTS. Clinical symptoms might include depression,
eating disorders, sleeping disorders and hormonal deviations (Meehan et
al., 2004; Meeusen et al., 2004; Uusitalo et al., 2004). Although some
signs and symptoms like depressed mood, concentration problems,
eating disturbances or sleeping problems might be present in NFO
athletes as well, this state should be differentiated from OTS by the
absence of pathophysiological symptoms. Also, the time that is needed
for recovery is different. Recovery from NFO might require some weeks
or months of rest, whereas for recovery from OTS months up to years
are needed. Thus, the main difference with the terminology as proposed
by Kellmann (2002b) is the distinction between functional and non-
functional overreaching and the fact that only the most severe cases will
be called to suffer from OTS. This idea is supported in a consensus
statement of the European College of Sport Science (Meeusen et al.,
2006).
PREVALENCE OF OVERTRAINING SYNDROME
Estimates of the prevalence of OTS should be reconsidered in the light of
the new terminology. It has been estimated that between 20% and 60%
of athletes experience the negative effects of overtraining at least once
during their career (see Lehmann et al., 1997). These figures have partly
been determined by surveys with questions such as if participants “had
TABLE 1.1. TERMINOLOGY 
OLD TERMINOLOGY N EW TERMINOLOGY S YMPTOMS R ECOVERY 
Short term 
overtraining or 
overreaching 
Functional 
Overreaching (FO)  mild 
Days to 
weeks 
Non-Functional 
Overreaching (NFO) 
moderate  Weeks to 
months 
Long term 
overtraining or 
overtraining 
syndrome  Overtraining 
Syndrome (OTS)  severe 
Months up 
to years 
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experienced a significant performance decrement that persisted for at
least two weeks, and that without any doubt was caused by too much
physical training” (p. 461, Kenttä et al., 2001). Such questions may
reveal something about the prevalence of NFO but not about the number
of athletes who have suffered from OTS.
Other evidence for the over-estimated frequency of OTS occurrence
comes from studies in which athletes were followed during a regular
season. For example, Hooper et al. (1995) followed 14 swimmers during
6 months. They found that 21% of the swimmers were overtrained at
some point during the study. However, the criteria Hooper et al. (1995)
used do not make a distinction between NFO and OTS: One of their
criteria for OTS was high fatigue for at least 7 days and no other
pathological causes for this fatigue. Similar percentages were found in
other studies (Petibois et al., 2002; Tenenbaum et al., 2003a) but again
no clear distinction can be made between NFO and OTS on basis of these
publications. Urhausen and colleagues (Gabriel et al., 1998; Urhausen et
al., 1998b; Urhausen et al., 1998a) monitored 17 endurance athletes
(cyclists and triathletes) during approximately one and a half years.
They purposefully overloaded the athletes to induce (N)FO, which
succeeded in 13 cases. Only 2 cases of non-purposefully induced (N)FO
occurred. No report of undesirably long recovery periods has been made
(Urhausen et al., 1998b) indicating that, according to the new
terminology, OTS did not occur. Thus, no conclusions about the
prevalence of OTS can be drawn in the light of this new terminology. It
can, however, be argued that OTS may occur much less frequent than the
previously proposed percentages.
It is possible that case studies presented on OTS give more insight into
the prevalence. Therefore, a literature search was conducted. The
authors identified six case studies of athletes with OTS that have been
published between 1995 and 2005 (Gouarné et al., 2005; Hedelin et al.,
2000b; Meehan et al., 2004; Meeusen et al., 2004; Mourot et al., 2004;
Rowbottom et al., 1995; Uusitalo et al., 2004). A total of 27 cases were
presented (Table 1.2). In 24 of these subjects, presented in four
different studies, it could not be concluded whether it was a case of OTS
or NFO (Gouarné et al., 2005; Hedelin et al., 2000b; Meehan et al., 2004;
Meeusen et al., 2004; Mourot et al., 2004; Rowbottom et al., 1995;
Uusitalo et al., 2004). In these studies it was noted that all subjects
suffered from OTS and NFO related symptoms, but the severity of the
symptoms and the duration of the recovery period have not been
described. It is important to report both the severity of the symptoms
and the recovery period the athletes needed to be able to distinguish
NFO from OTS. One case suffered from NFO as the duration of recovery
was 2 months (Hedelin et al., 2000b). The other two cases presented did
probably suffer from OTS as they showed symptoms at clinical levels
and/or showed marked hormonal deviations and/or needed one year of
rest to recover (Meeusen et al., 2004; Uusitalo et al., 2004). Thus, it
must be concluded, that previous estimations were probably too high. It
seems that NFO is a much more frequently occurring state than OTS.
Previous estimations of a prevalence of 20 – 60% seem more correct for
NFO than for OTS.12
CAUSES OF NFO AND OTS
NFO and OTS are caused by high stress in combination with inadequate
regeneration (Foster, 1998; Fry et al., 1991a; Meeusen et al., 2004).
Physical stress is seen as the most important cause of NFO and OTS,
although current insights point toward physiological stress in
combination with psychological and/or social stressors in relation to
regeneration (Hooper et al., 1995; Kenttä & Hassmén, 1998; Lehmann et
al., 1998; Meehan et al., 2004). Thus, an athlete who experiences high
levels of stress, such as occupational stress, is at a higher risk for NFO or
even OTS than a similar athlete under the same training regimen with
low occupational stress. Also, sudden changes in stressors, for example
the death of a significant other, can increase the risk for NFO and OTS
substantially even though the training load may remain the same.
In their model Kenttä and Hassmén (1998) stated that not only the
amounts of stress and regeneration an athlete experiences are important
in the development of NFO and OTS but also the individual stress
capacity. This stress capacity consists of physical, psychological and
social capacities that can all buffer stress (Kenttä & Hassmén, 1998).
This idea is very similar to the threshold theory which explains inter-
individual differences in functional impairment after brain lesions (Satz,
1993). Satz stated that functional impairment only occurs when a brain
lesion, or another disease, takes away more of the reserve capacity than
is minimally needed for normal functioning. Thus, not the size of a brain
lesion or the stage of the disease but the reserve capacity that is still
available is the decisive factor for the occurrence of functional
impairment (Satz, 1993). In athletes not the absolute training load but
the combination of total stress, total regeneration and total capacity is
the decisive factor for the occurrence of NFO and/or OTS (Kenttä &
Hassmén, 1998).
Attempts to explain inter-individual differences in susceptibility to NFO
and OTS are not new. In 1988, Anderson and Williams presented a model
in which psychosocial variables predicted injuries. Specifically, history of
stressors, personality characteristics and coping resources were seen as
predictors of injury. A similar idea was presented by Tenenbaum, Jones,
Kitsantas, Sacks and Berwick in 2003. Their stress response model
indicated how it is possible that different athletes perceive the same
stressors differently. The perception of a stressor is mediated by
personal dispositions. For example, an athlete who experiences a lot of
social support might perceive challenges in competition differently than
an athlete who mainly feels pressure from his/her social environment. In
other words, personal dispositions can be seen as relevant modifiers of
individual stress capacities. The more favourable one’s dispositions, the
more stress one can handle. Support for this idea has also been
presented in case studies of NFO and OTS (Meehan et al., 2004;
Tenenbaum et al., 2003a).
EARLY DETECTION
Since the only effective cure to NFO and OTS is (complete) rest for
several weeks or months (up to years in the case of OTS) it is desirable
to prevent it by monitoring different markers of NFO and/or OTS. It is
argued here that usable markers for NFO and/or OTS should fulfil six13
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criteria. They should be 1) objective, 2) not manipulable, 3) applicable in
training practice, 4) not too demanding for athletes, 5) affordable for the
majority of athletes and 6) the selection of the markers should be based
on a sound theoretical framework.
Up to today no reliable markers which fulfil these six criteria have been
identified (for extensive reviews see Halson & Jeukendrup, 2004; Platen,
2002; Urhausen & Kindermann, 2002). Several reasons for inconsistent
findings can be identified. The first problem in this field is the definition
of overreaching and overtraining (e.g., Halson & Jeukendrup, 2004;
Kellmann, 2002b; Kreider et al., 1998; Meeusen et al., 2006; Urhausen &
Kindermann, 2002). Another problem is that performance has not always
been assessed (Halson & Jeukendrup, 2004; Platen, 2002). As the
existence of FO, NFO or OTS is defined by the presence of performance
decrements, this should be seen as a major weakness of overreaching
and overtraining research. An additional source of variability in research
findings is the fact that markers have been studied under different
circumstances (Platen, 2002; Urhausen & Kindermann, 2002). For
example, hormonal parameters might behave differently in rest or after
stress tests (e.g., Meeusen et al., 2004; Rietjens et al., 2005). Hormonal
parameters should also be measured under highly standardized
conditions (Tremblay et al., 1995), which might not always have been the
case. However, the purpose of the present chapter is not to review
existing research but to propose a new marker: Psychomotor speed.
Psychomotor speed might be a relevant variable for the early detection
of NFO and OTS. This argument is based on the substantial overlap
between OTS on the one hand and chronic fatigue syndrome (CFS) and
major depression (MD) on the other hand which will be further explored
in the next section of this paper. It is well known that psychomotor speed
is reduced in patients with many different pathologies such as diabetics
type 2 (e.g., Groot et al., 2003), Parkinson’s disease (e.g., Cooper et al.,
1994; Gilbert et al., 2005), Alzheimer’s disease (e.g., Levinoff et al.,
2004) and HIV (e.g., Sacktor et al., 2003). Because there are more
similarities between OTS and MD and between OTS and CFS than
between OTS and the aforementioned pathologies, the nature of
psychomotor slowness in MD and CFS will be extensively explored in this
chapter. Preliminary evidence for the existence of psychomotor speed in
athletes with a disturbed stress regeneration balance will also be
presented.
OTS AND RELATED SYNDROMES
The possible relation between OTS and CFS has first been described
more than a decade ago by Fry and colleagues (1991b; 1991c) and more
recently by Shephard (2001; 2005). The only case evidence for this
relation was given by Rowbottom et al. (1995) who reported that
athletes diagnosed with OTS also fulfilled the criteria for CFS. Indeed,
criteria for CFS largely overlap the commonly mentioned symptoms for
OTS (Fry et al., 1991b; Fry et al., 1991c). CFS is mainly characterised by
debilitating fatigue, which is common in OTS as well. Other symptoms
that CFS and OTS have in common are mainly neuropsychological
symptoms as inability to concentrate, depression, irritability and
difficulty thinking but also sleep disturbances are a common symptom.15
However, this does not mean that OTS and CFS fully overlap or that OTS
can “be classified as a ‘chronic fatigue syndrome condition’” (p. 76, Fry
et al., 1991c), because most athletes who are suspected of OTS do not
fulfil all criteria for CFS (Derman et al., 1997).
Other similarities between OTS and CFS are endocrinological
abnormalities due to hypothalamic-pituitary-adrenal (HPA) axis
dysfunction. Although CFS and OTS have never been studied together,
similar abnormalities are present. For example, in both CFS and OTS
slightly altered resting levels of cortisol, ACTH and other HPA axis
associated hormones are found (see Cleare, 2003 for a review of findings
in CFS; see Urhausen & Kindermann, 2002 for a review of findings in
OTS). Also, differences in hormonal reactions on stress tests, such as
exercise tests, have been found between healthy subjects and both
patients with CFS (see Cleare, 2003)and OTS (Meeusen et al., 2004).
There also seems to be altered immune function in both CFS (Maher et
al., 2003; Shephard, 2001; Shephard, 2005) and OTS (Urhausen &
Kindermann, 2002), although the number of studies conducted in the
field of CFS is much larger than the number of studies conducted in the
field of OTS. The same is true regarding the autonomic nervous system.
Although studies into autonomic nervous system functioning in OTS, for
example heart rate variability, look promising (e.g., Hedelin et al.,
2000a; Mourot et al., 2004) not enough studies have been published in
the field of OTS to confirm similarities with CFS (Shephard, 2001;
Stewart, 2003).
Another disorder that shows marked similarities with OTS is major
depression (MD). Armstrong and VanHeest (2002) described several
characteristics that MD and OTS have in common. The initiating factors
as well as the factors that influence the symptoms in MD and OTS are
partly the same. MD can occur after the occurrence of a negative life
event, which has also been reported in OTS. The two syndromes also
share symptoms like disturbed mood states, impaired mental and
physical performance, altered balance of the autonomic nervous system
and dysfunctions in neuroendocrine systems. In both MD and OTS a
change in HPA axis function has been seen, as well as changes in the
sympathetic-adrenal medullar axis. Consequently, Armstrong and
VanHeest (2002) suggested that MD and OTS might be controlled by the
same mechanisms.
PSYCHOMOTOR SLOWNESS IN MD AND CFS
Some years ago, White and colleagues (1997) performed a meta-
analysis on psychomotor slowness in patients with MD. They performed a
systematic literature search in PsychINFO and Medline for journal
articles published between 1984 and 1996 that included tasks of
psychomotor speed in patients with MD. A total of 11 journal articles met
the criteria that patients were included according to DSM-III or DSM III-
R criteria and that the mean ages of the MD and control groups were
within 10 years from each other. They found that in all studies reaction
times were significantly slower in the MD groups compared to the control
groups (White et al., 1997).
In their meta-analysis White et al. (1997) performed a regression
analysis to answer the question what “the relative contributions of16
sensory/motor and cognitive deficits to psychomotor slowing” (p. 168)
were. Regression equations explained 99% of the variance with a slope
of 1.26 meaning that patients with MD were 26% slower than control
subjects. Because the intercept did not differ significantly from 0 White
et al. (1997) concluded that motor and cognitive speed were lowered to
about the same degree in MD.
To show that this result is robust up to today, the authors of the present
chapter conducted a similar meta-analysis with journal articles published
between 1997 and 2005. Articles were searched in Embase, PsychINFO,
and Medline with the same search strategy as employed by White et al.
(1997). Key-words were: ‘reaction time’, ‘reaction speed’, ‘response
time’, ‘response speed’, ‘processing time’, ‘processing speed’,
‘psychomotor time’, ‘psychomotor speed’, ‘psychomotor slow*’,
‘cognitive speed’, or ‘cognitive slow*’ in combination with the word
‘depression’ in the title. Abstracts from the listed articles were
examined. Only articles that gave exact data on reaction times (RT) of a
group MD patients (diagnosed according to DSM III-R or DSM IV criteria)
and a group healthy controls of which the mean ages were less than 10
years apart were selected. Studies in which only part of the reaction time
was studied, for example only processing time or only movement time,
were not included. A total of 12 published articles met the criteria (Table
1.3) (Austin et al., 1999; Bange & Bathien, 1998; Bonin-Guillaume et al.,
2004; Constant et al., 2005; Egeland et al., 2003; Garcia-Toro et al.,
2003; Hart et al., 1998; Hugdahl et al., 2004; Ortiz-Alonso et al., 2000;
Rogers et al., 2002; Sweeney et al., 2000; Tsourtos et al., 2002;
Vollmer-Conna et al., 1997).
Figure 1.1. Reaction times of healthy
controls plotted against reaction times of
patients with major depression (MD).
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Results of the currently reviewed studies were analysed in the same way
as the results in the White et al. (1997) meta-analysis. Studies in the
present meta-analysis never contained more than two different reaction
time tasks. In those studies where depressed patients were compared to
control subjects on two tasks, only the results of the most difficult task
(i.e. with the longest reaction times) were included in the analysis.
Reaction times of MD patients were plotted against reaction times of
healthy controls (Figure 1.1). A linear regression line was fitted through
the data. The slope of the regression line was 1.20 with the line through
the origin and R2 = .96. This means that MD patients were 20% slower
than control subjects.
An identical procedure was followed for the reaction times of CFS
patients. This was done to make psychomotor slowness of MD and CFS
patients comparable and because the above described method has shown
to be useful and transparent. Articles published from 1995 until 2004
were searched in Embase, PsychINFO, and Medline with the search-terms
‘reaction time’, ‘reaction speed’, ‘response time’, ‘response speed’,
‘processing time’, ‘processing speed’, ‘psychomotor time’, ‘psychomotor
speed’, ‘psychomotor slow*’, ‘cognitive speed’, or ‘cognitive slow*’ in
combination with ‘chronic fatigue syndrome’. Only articles in which CFS
patients were included according to clear criteria such as the criteria
described by Fukuda et al. (1994) or Sharpe et al. (1991) were used in
the analysis. Patients had to show signs and symptoms of CFS for at least
6 months and the mean age of CFS patients and healthy controls should
be less than 10 years apart. As in the previous meta-analysis studies in
which only a part of the reaction time was given (e.g. only processing
time or only movement time) and articles that did not give precise
information on reaction times (e.g. only presented data in a graph) were
excluded from the analysis. Using these criteria, only seven articles were
found that compared the reaction times of CFS patients with healthy
controls. In two of the seven studies that fulfilled all criteria the control
group was exactly the same and the CFS group of one study was a
selection of patients from the other study (Chiaravalloti et al., 2003;
DeLuca et al., 2004). Therefore, only the first published study was
included in this meta-analysis. Hence, a total of six studies could be
included in the analysis (Table 1.4) (Chiaravalloti et al., 2003; Fiedler,
1996; Lawrie et al., 2000; Marshall et al., 1997; Michiels et al., 1999;
Smith et al., 1999).
Of each study only one task was used in the analysis. In studies that
used two or more different tasks only the task with the longest reaction
times was included in the analysis. In case of more conditions per task
only the condition that produced the middle longest reaction times was
used. Reaction times of CFS patients were plotted against reaction times
of healthy controls (Figure 1.2). A linear regression line was fitted
through the data. The slope of the regression line was 1.15 with the line
through the origin and R2 = .84. This means that CFS patients were 15%
slower than control subjects. The lower R2 in this meta-analysis
compared to the meta-analysis with MD patients in this paper as well as
in White et al.’s (1997) paper is partly due to the small number of studies
that were included. Part of the lower R2, however, might also be sought in
the large differences in the numbers of participants in the different18
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studies. A study with many participants gives more reliable results but
has a relatively smaller influence on the analysis than studies with lesser
participants. Nevertheless, it can be concluded that CFS patients show a
consistent psychomotor slowness, a conclusion that is consistent with
the conclusion drawn in earlier review papers (Michiels & Cluydts, 2001;
Tiersky et al., 1997). Considering the similarities between MD, CFS, and
OTS it is hypothesised that psychomotor speed is impaired as well in
overtrained athletes.
MEASURING PSYCHOMOTOR SPEED
From the above two meta-analyses it can be concluded that psychomotor
slowness is robust over many different reaction time tasks. Both
regression lines crossed the origin, which showed that the absolute
difference became larger with longer reaction times. Therefore, I choose
to test the overtraining related psychomotor slowness hypothesis using
complex reaction time tasks, which give much longer reaction times than
simple, one choice reaction time tasks. Using complex tasks also seems
more relevant to sports practice, as athletes in many sports need to
react fast in complex situations. The use of sport specific reaction time
tasks, however, did not seem feasable. First, athletes of different sports
participated in the studies. This would have reduced the comparability
between the different studies. Second, if the hypothesis would be
confirmed with a decision making task in soccer, this is no proof for the
useability of tasks of psychomotor speed in other sports. Two complex
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Figure 1.2.  Reaction times of healthy
controls plotted against reaction times
of patients with chronic fatigue
syndrome (CFS).21
tasks of psychomotor speed were used in the studies, the finger pre-
cuing task (FPT) and the determination test (DT). The FPT was chosen
because it has been used in an earlier study into overtraining (Rietjens et
al., 2005). The DT was chosen mainly because it is a very difficult
reaction time task and experience with this test in our laboratory was
positive (Lemmink & Visscher, 2005).
The FPT is a reaction time task that was designed by Miller (1982). The
four choice reaction time task is reduced to a two choice task by a pre-
cue. This cue can be used to selectively direct attention to the two
possible stimulus locations and to selectively prepare the two possible
motor responses. Research has shown that subjects indeed use both
preparation strategies (Adam & Pratt, 2004).  Whether these preparation
processes are automatic bottom-up or effortful top-down processes
depends on the type of cue and on the length of the interval between cue
and stimulus presentation, the preparation interval (Adam et al., 2005;
Adam et al., 2003). Automatic preparation only occurs when the cue
specifies two fingers of the same hand, the hand cued condition, when
the preparation interval is shorter than 500 ms (Adam et al., 2005; Adam
et al., 2003). For the present dissertation I choose to use a preparation
interval of 500 ms. Any effects of condition should be interpreted in
terms of effortful stimulus and response preparation.
The DT was performed on the Vienna Test System (Schufried, Moedling,
Austria), of which the Hannover form was used. This test consists of a
complex set of visual and auditory stimuli to which manual and pedal
reactions must be given. In the first part of the test, the action mode, a
new stimulus is presented as soon as a correct reaction to the current
stimulus has been given. The action mode is therefore self-paced. In the
second part of this test, the reaction mode, two visual stimuli should be
inhibited. Stimuli are presented with fixed presentation times, that
become shorter in the first half of the reaction mode. The emphasis of
this task is therefore on stimulus identification.
VERIFYING THE PSYCHOMOTOR SLOWNESS HYPOTHESIS
The hypothesis that psychomotor speed is reduced in athletes with OTS
has a high face validity because overtrained athletes regularly report
symptoms as concentration problems, cognitive complaints and memory
problems (Gouarné et al., 2005; Meehan et al., 2004; Rowbottom et al.,
1995). Additionally, computerised tests of psychomotor speed fulfil all
six criteria for early markers for NFO and OTS. Because assessment is
computerised it is objective and not manipulable. And, computerised
assessment techniques are affordable, making the measurement of
psychomotor speed a suitable method for regular monitoring in order to
prevent development of NFO and/or OTS.
In chapter 2 I address the question “What is the effect of acute exercise
on psychomotor speed?”. In this chapter I describe an experiment in
which I measured reaction times before and after a maximal treadmill
run. Subjects performed the maximal run twice at one day and reaction
times were measured before and after both runs. Subjects also
performed a control trial during which they were sitting quietly instead of
running. With this experiment I wanted to test whether the use of a
reaction time task for the monitoring of athletes is feasible. If the22
hypothesis of this dissertation, that overreaching or overtraining causes
psychomotor slowness, is confirmed, I must be sure that acute bouts of
exercise do not have the same effect.
The most important step that needs to be taken in development of
psychomotor speed as a marker for NFO and/or OTS is determining the
threshold beyond which athletes are at risk. I am convinced that
research should be conducted using different paradigms over the full
training continuum, from acute exercise bouts (chapter 2), to prolonged
periods of high load training (chapter 3) to a complete training season
(chapter 4). Additionally, reaction times of athletes diagnosed as NFO or
OTS should be compared to reaction times of healthy athletes (chapter
5).
Some evidence for the occurrence of psychomotor slowness in early
stages of overtraining already exists. Rietjens et al. (2005) compared
psychomotor speed before and after high load training. Seven well
trained cyclists increased their training volume with 107% during two
weeks together with an increase in training intensity. The cyclists were
assessed on, among other measures, an incremental graded cycling test,
a time trial and the finger pre-cueing task, a complex reaction time task.
No significant differences were found on maximal power output, maximal
heart rate or maximal lactate in the incremental graded cycling test.
Time trial performance was also not significantly different after
compared to before the period of overload training. Still, a difference
was found in performance on the most difficult conditions of the finger
pre-cueing task after the period of overload training compared to a
control group (Rietjens et al., 2005). Thus, although these athletes did
not suffer from FO, NFO or OTS, as performance was not impaired, they
did show impairments in psychomotor speed after a period of overload
training.
In chapter 3 I describe a study into the effect of FO on reaction time.
Reaction times were measured before and after a training camp in
cyclists. Performance capacity and mood states were also assessed at
these measurement occasions to be able to discriminate FO from well-
trained cyclists. Reaction times were compared to a control group which
was matched for age and sex.
A second study in which I investigated the changes in reaction time in
early stages of overreaching is described in chapter 4. I measured
reaction times in rowers five times over the course of a rowing season.
With the use of multilevel modelling I tested whether perceived
performance predicts reaction time.
I am aware of one study in which cognitive performance of overtrained
athletes was measured. Hynynen et al. (2004) compared 12 overtrained
athletes to 12 healthy athletes of the same gender and age on the Stroop
Color Word Test. The overtrained athletes suffered from under-
performance even after a recovery period of at least three weeks, all
athletes had a training history that could likely be the cause of
underperformance and other pathology had been ruled out. In the light
of our new terminology it can not be decided if these athletes suffered
from NFO or from OTS as no information about the severity of the
symptoms and about the length of the recovery period is given. Still, a
difference was found between the NFO/OTS and the healthy athletes on23
the amount of mistakes made on the Stroop Color Word Test (Hynynen et
al., 2004).
Chapter 5 of this dissertation also contains a cross-sectional subject
comparison in which reaction times, amongst other variables, are com-
pared between a healthy female speed skater, a female speed skater with
NFO and one who is already recovering from NFO. Although I described
earlier in this chapter that NFO occurs quite often, about 20 to 60% of all
athletes experiences it at least once during their careers, in practice it is
hard to get those patients into the laboratory. Although practically all
sports physicians in North Netherlands cooperated in our project, only
few ever referred an athlete for participation in my study. My experience
and that of colleagues tells us that many athletes wait quite long before
visiting a sports physician with complaints related to overreaching and
overtraining. A substantial part of these athletes is well on the way of
recovery when they visit the sports physician, and therefore not qualified
for participation in my study. Thus, it is quite unique that I tested two
females of comparable age and competing in the same sport in different
stages of NFO. A healthy female of the same age and sport was tested as
a control subject.
The last chapter of this dissertation contains a validation study of the
Dutch Recovery Stress Questionnaire for Athletes (RESTQ-sport)
(Kellmann & Kallus, 2001). The RESTQ-sport, which measures the
frequency of experienced stressors and recovery related activities, was
used in chapters 3 and 5. It was translated into Dutch primarily for the
studies me and my colleagues would conduct in the field of overraching
and overtraining. Currently, it is also being used by other researchers as
well as in sports practice.
The dissertation concludes with a general discussion. Relevant outcomes
of the different studies will be combined with the purpose to adapt or
reject the psychomotor slowness hypothesis.24Chapter 2
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REACTION TIME IN A RESPONSE PREPARATION TASK IN
ATHLETES
This chapter is submitted as:
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Exercise facilitates complex reaction times. It is unknown if the ability to
prepare responses is affected by exercise. As many athletes practice or
compete more than once a day, the purpose of the present study was to
investigate the effect of two maximal exercise bouts on reaction time with
or without response cuing. Thirteen subjects performed the finger pre-
cuing task before and after two maximal incremental graded treadmill runs
on one day. This exercise trial was counterbalanced with a control trial in
which the same subjects sat quietly instead of running. A significant
interaction effect between time and trial was found, showing shorter
reaction times on the finger pre-cuing task after exercise but not after
rest. The facilitative effect of exercise was the same for all cuing
conditions, indicating that exercise affected the motor and not the
premotor component of reaction time. Furthermore, the facilitative effect
was the same for the first and the second exercise bout, consistent with
the fact that subjects showed full recovery between exercise bouts.27
INTRODUCTION
Complex reaction times are an important aspect of elite sports. A
goalkeeper has to decide in an instant which part of the goal to defend. A
tennis player must rapidly react to the serve of the opponent. A judoka
must react fast to an attack. In all cases the athlete reacts to a complex
stimulus situation. One of the questions that rise, is whether or not the
reaction times of these athletes are influenced by exercise.
In the past fifteen years many researchers have investigated the effect
of exercise on choice reaction times. In most studies a facilitative effect
was shown (Adam et al., 1997; Arcelin et al., 1997; Arcelin et al., 1998;
Chmura et al., 1994; Chmura et al., 1998; Davranche et al., 2006a;
Davranche & Audiffren, 2004; Kashihara & Nakahara, 2005; McMorris et
al., 1999; McMorris et al., 2005b; McMorris & Graydon, 1996a; McMorris
& Graydon, 1996b; McMorris & Graydon, 1997). In some studies no
effect (Hogervorst et al., 1996; Lemmink & Visscher, 2005; Travlos &
Marisi, 1995) or even a debilitative effect of exercise on complex
reaction time was found (Delignieres et al., 1994; Guizani et al., 2006;
McMorris et al., 2005a).
In many studies choice reaction time tasks were used in which stimulus
and response were compatible. Results of these studies are mixed,
facilitative, debilitative and no effect has been found (Arcelin et al.,
1997; Collardeau et al., 2001; Davranche et al., 2005; Davranche et al.,
2006a; Delignieres et al., 1994; Guizani et al., 2006; Lemmink &
Visscher, 2005; McMorris et al., 2005a; McMorris et al., 2005b; Travlos &
Marisi, 1995). The question is, how relevant compatible stimulus
response tasks are for the sport situation. In many situations the athlete
will have to react with a more incompatible response, for example in the
case of a feint. However, in the two studies in which the effect of
stimulus response compatibility was investigated, no interaction of
exercise with stimulus compatibility was found (Davranche & Audiffren,
2004; Hogervorst et al., 1996).
In studies using other reaction time paradigms a consistent facilitative
effect was found. One of these paradigms is the inclusion of false stimuli
that should be inhibited. Chmura et al. (1994; 1998) used a reaction
time task in which two true, positive and two false, negative stimuli
appeared in random order. They found a facilitative effect of exercise up
to maximal workloads where reaction times increased suddenly.
Another paradigm in which consistent facilitative effects have been found
is the decision making paradigm (Adam et al., 1997; Kashihara &
Nakahara, 2005; McMorris et al., 1999; McMorris & Graydon, 1996a;
McMorris & Graydon, 1996b; McMorris & Graydon, 1997; Paas & Adam,
1991). In this kind of reaction time tasks the stimulus needs to be
processed before the correct response can be selected and executed. In
sports situations this will often be the case. The goal keeper will have to
process a complex set of stimuli from which he should deduct the most
appropriate response. In many cases, however, the athlete, whether it is
the goalkeeper, the tennis player or the judoka, will get some kind of cue
that reduces the amount of possible responses (Williams & Starkes,
2002).
Response cuing can be examined in computerised reaction time tasks,
for example in the so-called finger pre-cuing task (FPT; Adam et al.,28
2003; Miller, 1982). The FPT is a choice reaction time task in which four
stimulus/response locations are reduced to two stimulus/response
locations by a pre-cue, allowing the selective preparation of a subset of
two possible finger responses. It has consistently been shown that this
advance preparation produces substantial shorter reaction times
compared to a control condition (i.e., the uncued condition) which does
not allow advance preparation (Adam et al., 2003; Miller, 1982). The
magnitude of the pre-cuing advantage depends on the kind of pre-cue
and on the time interval between the pre-cue and the actual stimulus. An
important feature of this task is the fact that it involves selective
stimulus detection and selective motor preparation (Adam & Pratt,
2004). We are not aware of any studies into the effect of physical
exercise on selective response preparation.
Another issue that arises in sports practice, is the fact that athletes train
or even compete more than once a day. It is relevant to investigate
whether the effect of exercise on complex reaction time differs between
a first and a second exercise bout. This could have implications
especially for training practice. If the effect of exercise on finger pre-
cuing reaction time with or without response cuing differs between the
first and the second bout, one would like to adjust the order of different
practice sessions to match the competition situation. For example, in
football only one game per day is played. It would thus be most relevant
to do football specific practice sessions first. In other sports, such as
judo, more than one fight a day is common. The training schedule should
therefore likewise be adjusted.
The purpose of the present study was to investigate the effect of two
maximal exercise bouts on choice reaction time in a response
preparation task and investigate whether this relation is different for
uncued (i.e., no selective response preparations) and cued (i.e., with
selective response preparation) conditions. A stronger facilitative effect
of exercise on the cued compared to the uncued condition would support
a central response preparation locus, whereas a general facilitative
effect would support a more peripheral, motor locus. This hypothesis is
based on the notion that RT can be partitioned into two components: a
“central” component reflecting central, cognitive processes involved in
decision making and response selection, and a “motor” component
representing more peripheral processes associated with recruiting and
activating the muscles needed to execute the motor response
METHODS
SUBJECTS
11 Male and 2 female middle and long distance athletes participated in
the study. Subjects were 27.2 (SD = 8.6) years old, their length was
183.9 (SD = 5.2) cm, their weight was 73.5 (SD = 5.2) kg. Subjects
trained for 4.27 (SD = 2.49) hours per week on average and had 5.6 (SD
= 3.9) years of running experience. Subjects were informed about the
procedures of the study before they gave their informed consent to
participate. Procedures were in accordance with the medical and ethical
standards of the Helsinki Declaration.29
MAXIMAL TREADMILL RUNS
The treadmill runs were performed on a motor driven treadmill (Enraf-
Nonius, Delft, the Netherlands) in our laboratory. The run started at a
speed of 10 km/h for men and 8 km/h for women. The speed was
increased every 5 min by 1 km/h until a speed of 14 km/h was reached.
From here the gradient was increased with 1% every five minutes until
volitional exhaustion.
Heart rate was monitored with a sports tester (Polar Accurex Plus,
Kempele, Finland) and was stored every 5 s. The highest heart rate over
5 s was taken as maximal heart rate. Borg’s 15-grade rating of perceived
exertion (Borg, 1998) was administered at the end of the test. Before
and immediately after the treadmill runs a blood sample was taken from
the right earlobe. The sample was analysed immediately for lactate
concentration (YSI 2300, Yellow Springs, Ohio).
FINGER PRE-CUING TASK
Reaction times were measured using the FPT (Adam et al., 2003; Miller,
1982). Subjects respond to stimuli displayed on a computer screen with
button press responses by index and middle fingers of both hands,
placed on four keys of the computer keyboard (the two left most and two
right most keys on the bottom row of the keyboard).
Stimuli were plus (+) signs shown in the middle of the computer screen.
The stimulus display consisted of a warning signal, a cue signal and a
target signal. The warning signal was a row of four plus signs. After a
delay of 750 ms the cue signal appeared immediately below the warning
signal. After 500 ms (the preparation interval) the target signal
appeared on the computer screen in a position indicated by the cue. The
target signal consists of one plus sign indicating the final target location.
Four pre-cue conditions were distinguished. In the uncued condition the
cue signal consisted of four plus signs in all four positions, preventing
the possibility of selective response preparation. In the hand cued
condition the cue signal consisted of two plus signs at the two left most
or the two right most positions, indicating the middle and index fingers
of the left or the right hand respectively. In the finger cued condition the
cue signal consisted of two plus signs at the two outer or the two inner
positions, indicating the two middle or the two index fingers. In the
neither cued condition the cue signal indicated the middle and index
fingers of different hands. An inter trial interval of 1000 ms separated
the response in a trial from the start of the next trial.
One test consisted of 160 trials, with 40 trials for each of the four cue
conditions in random order. Subjects were informed about the nature of
the task and were explicitly told to take advantage of the cue stimuli.
Subjects were instructed to respond as quickly as possible to the position
in which the target signal occured by pressing the appropriate response
button. Error feedback was provided on individual trials.
TOTAL QUALITY OF RECOVERY
Recovery between the two treadmill runs was measured every half hour
using the total quality of recovery scale (Kenttä & Hassmén, 1998). The
scale is a 15-grade rating scale (6-20) based on Borg’s rating of
perceived exertion scale (Borg, 1998).30
EXPERIMENTAL DESIGN
A cross-over design was used, all subjects participated in two trials: one
exercise and one control trial. The trials were performed in different
weeks and the order was counterbalanced. A week before participating in
the study participants were screened by a physician and a maximal
incremental cycling test with ECG-registration was performed to identify
potential contraindications for participation. None of the subjects was
excluded on basis of the screening or the ECG. At the same day subjects
also performed two finger pre-cuing task practice sessions.
In the exercise group subjects performed two maximal treadmill runs on
the same day separated by 3 hours rest. In the morning subjects started
with two finger pre-cuing tasks, a practice session and the first pre
intervention session. This was followed by the first maximal treadmill
run. Immediately after cessation subjects performed the first post
intervention finger pre-cuing task. In the three hours rest period
subjects were provided with high carbohydrate food and drinks and were
encouraged to relax. The total quality of recovery scale was administered
every 30 min.
After the rest period subjects performed the second pre intervention
finger pre-cuing session followed by the second maximal treadmill run,
immediately followed by the second post intervention finger pre-cuing
session. The control group followed the same protocol, but were studying
or reading instead of running.
DATA ANALYSIS
All data were analysed with SPSS 11.01. All data are presented as group
means ± standard deviations. An ANOVA for repeated measures with test
(first versus second intervention), time (before versus after
intervention), and finger pre-cuing condition (uncued, hand cued, finger
cued and neither cued)  and trial (exercise versus control trial) as within
subject factors was used to evaluate the effect of the intervention on
reaction times. T tests were used for post-hoc analysis with a Bonferoni
correction for multi comparisons (i.e. the p values were compared to
α = .05 divided by the number of comparisons).
RESULTS
MAXIMAL TREADMILL RUNS
The mean duration of both the first and the second treadmill run was 34
min (SD = 10 and SD = 12 min respectively). Mean maximal heart rates,
post exercise blood lactate concentrations and maximal ratings of
perceived exertion were 189 (SD = 7) bpm, 8.0 (SD = 2.1) mmol/l
and18.9 (SD = 0.5) for the first test and 188 (SD = 10) bpm, 6.8 (SD =
2.0) mmol/l and 18.9 (SD = 0.6) for the second maximal treadmill run.
Paired samples t tests (α ≤.01) showed that the duration of the test,
maximal heart rates, post exercise blood lactate concentrations and
maximal ratings of perceived exertion did not differ from the first to the
second test.31
RECOVERY BETWEEN TREADMILL RUNS
Subjects felt a reasonable recovery (i.e. a mean score of 13 on a 6-20
scale) after half an hour of rest and good recovery after one hour (i.e. a
score of 15). Scores on the total quality of recovery scale did not rise
anymore after the first hour. A t test showed that the pre exercise lactate
values, 1.47 (± 0.50) and 1.62 (± 0.39) mmol/l, did not differ from each
other.
FINGER PRE-CUING TASK
Mean reaction times at the FPT can be found in Table 2.1. A repeated
measures ANOVA showed significant main effects for test (first vs.
second intervention), F(1,12) = 8.53, time (before vs. after inter-
vention), F(1,12) = 20.14, and pre-cuing condition, F(3,36) = 44.41
(Figure 2.1). The main effect for test indicated shorter reaction times
before and after the second intervention compared to the first. The main
effect of time indicated shorter reaction times after the intervention
compared to before the intervention. This effect is explained by an
TABLE 2.1. REACTION TIMES [MS] BEFORE AND AFTER THE EXERCISE AND CONTROL
INTERVENTIONS FOR THE FOUR CONDITIONS OF THE FINGER PRE-CUING TASK 
 T EST 1 TEST 2 
 
CUING 
CONDITION  EXP TRIAL C ON TRIAL E XP TRIAL C ON TRIAL 
UNCUED  379  (±48) 382  (±43) 371  (±46) 365  (±41) 
HAND  314  (±40) 317  (±37) 311  (±33) 309  (±37) 
FINGER  331  (±58) 331  (±61) 321  (±52) 320  (±59) 
PRE 
NEITHER  347  (±65) 342  (±59) 338  (±58) 337  (±62) 
        
UNCUED  354  (±47) 380  (±46) 353  (±51) 368  (±46) 
HAND  293  (±37) 313  (±29) 292  (±40) 308  (±29) 
FINGER  306  (±57) 328  (±51) 308  (±60) 311  (±51) 
POST 
NEITHER  323  (±60) 349  (±61) 326  (±73) 334  (±56) 
 
interaction effect. Post hoc t tests for pre-cuing conditions (α ≤.01)
revealed that reaction times in the uncued condition were significantly
longer than the hand cued, t(12) = 14.39, finger cued, t(12) = 10.62,
and the neither cued condition, t(12) = 6.11. Reaction times in the hand
cued and the finger cued condition were significantly shorter than the
neither cued condition, t(12) = 3.59, t(12) = -5.35 respectively. The
reaction times of the hand and the finger cued conditions did not differ
significantly from each other.
A significant interaction effect was found between time (before vs. after
intervention) and trial (exercise vs. control trial), F(1,12) = 19.27
(Figure 2.2). T tests (α ≤.02) showed that only in the exercise trial there
was a difference in reaction times32
DISCUSSION
Results showed that RTs in all cued conditions (hand- finger- and neither-
cued conditions) were substantially faster than RTs in the uncued
condition, indicating that subjects did engage in selective response
preparation, as is usually found (Adam et al., 2003). The key finding of
this study was that exercise facilitated reaction time performance
regardless of cue condition. This finding suggests that exercise did not
specifically benefit selective response preparation processes. It
benefitted a more general component of reaction time, namely the
peripheral motor component responsible for executing the response.
Previous studies have indeed shown that exercise shortens the motor
component of reaction time. Davranche and colleagues (Davranche et
al., 2005; Davranche et al., 2006b) consistently showed shorter intervals
between EMG onset and actual responses (i.e., button press) during
exercise.
However, some effects on the pre motor component have also been found
(Davranche et al., 2005; Yagi et al., 1999). Davranche and colleagues
(Davranche et al., 2005) found that exercise positively influenced pre
motor time only in a high intensity stimulus condition. The results
indicated that different parallel processes were affected by exercise and
stimulus intensity. Yagi and colleagues (Yagi et al., 1999) measured EEG
during a study into the effects of exercise on visual and auditory oddball
tasks. They found decreased P300 latencies and amplitudes. The
decreased P300 latencies indicated faster stimulus evaluation. The
Figure 2.1. Mean reaction times at the four conditions of the Finger
Pre-cuing Task. # = Significantly different from uncued and neither
cued conditions. * = Significantly different from uncued condition.
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decreased P300 amplitudes indicated decreased attention (Yagi et al.,
1999). Occurrence of such counterbalancing effects on response
preparation can therefore not be excluded in the present study.
The second part of the research question concerned the effect of two
exercise bouts on one day on complex reaction times. Reaction time was
therefore assessed after two maximal treadmill runs on one day. A main
effect of test was found. Subjects were faster before and after the
second intervention compared to the first intervention in both the
exercise and the control trial. As this effect was not different between
trials, the effect can not be ascribed to the second of two exercise bouts.
Instead, the effect must most likely be ascribed to practice effects.
Reaction times were 14 ms shorter on the second compared to the first
day of participation, irregardless trial order.
The facilitative effects on choice reaction time were the same for the first
and the second exercise bout. Indeed, performance parameters did not
differ between the first and the second bout. Duration of the test,
maximal heart rate, post exercise blood lactate concentration and
maximal rating of perceived exertion did not differ between the first and
the second treadmill run. Additionally, subjects reported high ratings of
perceived quality of recovery between treadmill runs. Pre-exercise blood
lactate concentrations did also not differ between treadmill runs. It can
thus be concluded that subjects were fully recovered from the first bout
before entering the second.
Figure 2.2. Mean reaction times before and after the exercise and
control interventions. * = Significant difference
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The two exercise bouts in the present study were relatively short
compared to the length of typical training sessions. On the other hand,
the rest period of three hours was much longer compared to, for
example, half time in a football match. It is interesting to investigate
whether the influence of a match or two training sessions a day on
reaction time is similar to the facilitating results in the present study.
It can be concluded that exercise facilitated choice reaction time in cued
as well as in uncued conditions. This finding suggests a facilitative effect
on the peripheral, motor component of reaction time. Additionally, the
positive effect of physical exercise on choice reaction time was the same
for two exercise bouts on one day.Chapter 3
This chapter is published as:
Nederhof, E., Lemmink, K., Zwerver, J. and Mulder, T. (2007). The effect of
high load training on psychomotor speed. International Journal of Sports
Medicine, 28, 595-601.
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THE EFFECT OF HIGH LOAD TRAINING ON PSYCHOMOTOR
SPEED36
The purpose of the present study was to investigate whether overreached
athletes show psychomotor slowness after a period of high load training.
Fourteen well trained cyclists (10 male, 4 female, mean age 25.3 (SD =
4.1) years, mean maximal oxygen consumption 65.5 (SD = 8.1) ml/
kg*min) performed a maximal graded exercise test on a cycle ergometer,
filled out two questionnaires and performed two tests of psychomotor
speed before and after high load training and after two weeks of recovery
training. A control group performed the two tests of psychomotor speed on
the same occasions without changing physical activity levels.
Five cyclists were classified as functional overreached, seven cyclists were
classified as well trained and two cyclists were excluded from analysis.
Results showed no significant differences in psychomotor speed between
the control, well trained and functional overreached groups on the three
measurements. A trend towards psychomotor slowness was found for the
functional overreached compared to the control group after high load
training. Additional research with more subjects and a greater degree of
overload training is necessary to more conclusively determine if
psychomotor speed can be used as an early marker for overtraining.37
INTRODUCTION
To reach the top in sports it is necessary to perform high training loads.
In cycling a minimum of 30.000 km a year is required to perform at the
highest level (Fernandez-Garcia et al., 2000). Commonly, weeks with
high and low training loads are applied alternately (Smith, 2003).
Training camps are part of this highly demanding athletic training.
Training loads are increased during training camps with the goal to
improve performance after a period of regeneration. Immediately after
the period of overload training performance will usually be impaired; the
athlete is overreached (e.g., Bosquet et al., 2001; Halson et al., 2002;
Hedelin et al., 2000a; Steinacker et al., 2000; Uusitalo et al., 1998). As
the athlete recovers and returns to or improves pre-overload
performance levels, this specific state is called functional overreaching
(FO) (Meeusen et al., 2006; Chaper 1 of this thesis). However, a period
of overload training does not always lead to increased performance. If,
after a recovery period of two weeks an athlete is still not recovered, he
or she is in a state of non-functional overreaching (NFO).
FO and NFO should be distinguished from overtraining syndrome (OTS)
based on the severity of the symptoms and on the recovery period that is
needed. Only in OTS pathophysiological symptoms, such as depression,
fatigue, eating, sleeping and concentration problems and hormonal
deviations, will reach clinical levels (e.g., Meehan et al., 2004; Meeusen
et al., 2004; Uusitalo et al., 2004). Although these symptoms can be
present in FO and NFO as well, the symptoms will be less severe. Another
difference between the three conditions is the recovery period needed.
Recovery from OTS takes months up to years whereas recovery from NFO
takes weeks up to a few months. By definition, recovery from FO takes
less than a few weeks (Meeusen et al., 2006; Chaper 1 of this thesis).
A lot of research has been devoted to the early detection of OTS. The
monitoring of physiological variables as heart rate, oxygen uptake, blood
lactate, but also hormonal, immunological and biochemical markers has
received most attention. Although large progress has been made, this
kind of research has so far not lead to a useable tool for early detection
of overtraining (Halson & Jeukendrup, 2004; Urhausen & Kindermann,
2002). One of the problems with these kinds of markers is related to the
costs of regular assessment needed for reliable monitoring of athletes.
Subjective measures do not have this disadvantage and seem promising
as markers for OTS. Especially the Profile of Mood States (POMS) has
frequently been studied. Although not designed for use in athletic
settings, it has shown to be a useful marker for overtraining (Martin et
al., 2000; Rietjens et al., 2005). However, a potential problem with the
use of subjective markers is the manipulability of (daily) questionnaires.
This could be a problem especially in team sports.
Thus, there is still a need for a reliable, affordable and useable marker. It
is hypothesised that psychomotor speed might be such a marker (Chaper
1). This hypothesis is based on the similarities between OTS on the one
hand and major depression and chronic fatigue syndrome on the other
hand (Armstrong & VanHeest, 2002; Fry et al., 1991b; Shephard, 2001)
and on the fact that psychomotor speed is consistently reduced in both
syndromes (Michiels & Cluydts, 2001; Tiersky et al., 1997; White et al.,
1997). A theoretical clue for this hypothesis has been given by Lehmann38
et al. (1993) by stating that central fatigue associated with disturbances
in perception, coordination and concentration occurs in overtraining.
These disturbances can possibly be assessed by tasks of psychomotor
speed. The advantage of psychomotor speed over other markers is the
fact that it can easily be obtained in training practice because
assessment is affordable and not demanding. Additionally, the
measurement of psychomotor speed is inexpensive and objective.
Some support for the psychomotor slowness hypothesis has already been
found. Andersen and Williams (1999) found that stress influenced
athletes’ performance on neuropsychological tasks in stressful conditions
compared to neutral conditions. Specifically, peripheral vision narrowed
under stress and was found to be significantly related to the number of
injuries athletes experienced (Andersen & Williams, 1999). More specific
support has been found by Rietjens and colleagues (2005), who found
that cyclists performed worse on the two most difficult conditions of a
test of selective attention than a control group after a two week period of
increased training loads. They did not find any differences on
performance, physiological, hormonal or blood variables (Rietjens et al.,
2005).
Assessing athletes during high load training has frequently been used for
studying overreaching. For the evaluation of overreaching state it is
necessary to test the performance capacity of the athletes. Without
performance decrements overreaching or overtraining does not exist
(Halson & Jeukendrup, 2004). This has not always been done and in
some studies performance evaluation has taken place in a group based
manner. However, for the assessment of training status an individual
approach is necessary.
Indeed, many authors have used individual criteria for the classification
of athletes as overreached or well-trained (Bosquet et al., 2001; Halson
et al., 2002; Hooper et al., 1995; Snyder, 1998; Uusitalo et al., 1998).
However, a total of 12 different criteria have been identified in these
studies. Although at least one criterion includes performance measures
in all studies, in one study a stagnation in performance is seen as a sign
of overreaching (Hooper et al., 1995), in the other four studies a
reduction in performance is required (Bosquet et al., 2001; Halson et al.,
2002; Snyder, 1998; Uusitalo et al., 1998). However, in only one report a
detailed description of what is regarded a reduction in performance is
found (Snyder, 1998). All authors combine performance criteria with
subjective ratings of fatigue and/or mood changes, but again 5 different
measures have been used. In other words, there is not much consensus
about the individual criteria that should be used to identify overreached
athletes. Halson et al. (2002) argued, deteriorations in performance
should be accompanied by mood disturbances to be able to speak of
overreaching. Thus, objective criteria should conditionally be
accompanied by a subjective marker.
In the present study a combination of objective, well defined markers
will be used in combination with a subjective marker to classify the
athletes. The purpose of the present study is to test the psychomotor
slowness hypothesis studying the effects of high load training. It is
hypothesised that athletes with FO show psychomotor slowness
compared to healthy athletes.39
METHODS
SUBJECTS
Fourteen well-trained male (n = 10) and female (n = 4) cyclists and
fourteen control subjects (9 male, 5 female) completed the study. The
mean age was 25.3 (SD = 4.1) for the cyclists and 25.4 (SD = 4.6) for
the control subjects. Mean education level was 4.6 (SD = .5) on a 5 point
scale for both the training camp and the control group. The cyclists
trained 13.4 hours a week (SD = 4.3) while the control subjects trained
5.6 hours a week (SD = 2.7). The cyclists had a mean length of 181.2 cm
(SD = 8.7) and a mean weight of 73.1 kg (SD = 9.1). Their mean
maximal oxygen uptake was 65.6 ml/kg*min-1 (SD = 8.1), their mean
maximal workload was 4.9 W/kg (SD = .6).The cyclists had a mean
training history of 8.0 years (SD = 3.8) and performed at their present
level for an average of 2.5 years (SD = 1.4). The mean amount of racing
days was 37 (SD = 16) per year.
EXPERIMENTAL  DESIGN
The study was conducted according to the Declaration of Helsinki for
Medical Research involving Human Subjects and was approved by the
Medical Ethical Committee of the University Medical Center Groningen.
Informed consent was obtained from each subject before starting
participation in the study. The high load training period consisted of a
regular training camp during which the cyclists performed their own
training schedule. The training camp lasted on average 9.5 days (SD =
2.8). Participation in the study lasted from two weeks before the training
camp (baseline training) until two weeks after (recovery training).
Cyclists started with filling out a training log during baseline training and
continued doing this until the end of recovery training. They completed a
nutrition log twice during three consecutive days, once during high load
training and once during recovery training. One or two days before the
start of their training camp cyclists came to our lab for performance
assessment, assessment of mood state and for reaction time
assessment.
The day after the cyclists returned from their training camp they came to
our lab for the second performance, reaction time and questionnaire
assessment. After two weeks of recovery training they came to our lab
for the third assessment.
The control group performed the reaction time tests three times with the
same time intervals as the cyclists. The control subjects did not change
their weekly exercise loads during the study.
MEASURES
Training log
In the training log type of training, training distance [km], training
duration [min], and session rate of perceived exertion (session RPE)
were reported by the athletes after every training. Perceived recovery,
resting heart rate, and whether any injury or illness was present were
reported by the athletes every day. Session RPE and perceived recovery
were reported on adjusted Borg scales with 6 = not strenuous at all/not
recovered at all and 20 = maximal strenuous/totally recovered. Resting
heart rate was measured by hand every morning before getting up.40
Training load and monotony were calculated according to the methods
presented by Foster (1998). Training duration was multiplied by session
RPE to obtain the load for each training session. Training load of each
period (i.e., baseline training, high load training and recovery training)
was calculated by summing up the load of all training sessions of that
period divided by the amount of days of that period. Training monotony
was calculated by dividing the training load by the standard deviation of
each period.
Nutrition log
During three consecutive days the cyclists completed a nutrition log in
which they reported the sort of food and drinks they consumed and the
quantity. Nutritional values (carbohydrates, proteins and fats) of the diet
were calculated for each cyclist during high load training and during
recovery training.
Recovery stress questionnaire for athletes (RESTQ-sport)
A Dutch translation of the RESTQ-sport was used to assesses the
frequency and direction of perceived general and sport specific stress
and of perceived general and sport specific regeneration activities
(Kellmann & Kallus, 2001). Questions are answered on a 7 point Likert-
type scale with 0 = never and 6 = always. The RESTQ-sport consists of
19 scales of which 7 scales that assess general stress, 5 scales assess
general recovery, 3 scales assess sport specific stress, and 4 scales
assess sport specific recovery. Each scale consists of 4 questions. The
RESTQ-sport has sufficient reliability and validity (Kellmann & Kallus,
2001). Reliability and validity of the Dutch translation is comparable to
the original version (Chapter 6).
Profile of Mood States (POMS)
In the present study the Dutch version of the POMS was be used to
measure mood states. The Dutch POMS consists of 5 scales with a total
of 32 items that assess the negative moods depression (8 items), anger
(7 items), fatigue (6 items), and tension (6 items) and the positive mood
vigour (5 items). The Dutch POMS has sufficient reliability and validity
(Wicherts & Vorst, 2004).
Finger pre-cuing task
The finger pre-cuing task is a test of psychomotor speed (Adam et al.,
2003; Miller, 1982). Plus (+) signs are presented as stimuli on a
standard monitor controlled by a personal computer. The stimulus
display consisted of a warning signal, a cue signal, and a target signal
centred on the monitor. The response was given by pressing one of four
keys of the keyboard (‘z’ , ’x’ , ’.’ or ‘/’) with the index and middle fingers
of both hands. The warning signal consisted of a row of four plus signs.
After a delay of 750 ms the cue signal appeared below the warning
signal. The cue signal consisted of two plus signs either below the middle
or outer two plus signs (finger-cued condition), below the two leftmost
or the two rightmost plus signs (hand-cued condition), or below the
rightmost and left of the middle or the leftmost and right of the middle
plus signs (neither-cued condition), or the cue signal consisted of four41
plus signs below the warning signal (uncued condition). After a time
interval of 500 ms the target signal appeared below the cue row always
on a position indicated by the cue. The subject’s task was to respond as
quickly as possible to the target signal by pressing the appropriate key.
There were 40 trials for each condition (10 for each of the four stimulus
positions) given in a random order in a block of 160 trials. Ten practice
trials preceded the block of 160 trials.
Mean reaction time was calculated for each subject per test and per pre-
cuing condition. Incorrect responses as well as reaction times shorter
than 150 ms or longer than 1000 ms were omitted in the calculation of
median reaction time.
Determination Test
The Determination Test, performed on the Vienna Test System
(Schuhfried, Moedling, Austria), is a reaction time test with five different
visual stimuli to which a manual reaction is required, two visual stimuli to
which a pedal reaction is required and one auditory stimulus to which
again a manual reaction is required. The Determination Test consists of
two parts. In the first part, the action mode, a new stimulus occurs as
soon as a correct reaction is given. This part lasts 5 minutes. In the
second part, the reaction mode, two visual/manual stimuli should be
inhibited. The stimuli occur in six blocks with pre-set presentation times
of 1.225, 0.948, 0.834, 0.734, 0.646 and 0.834 s. The reaction mode
consists of a total of 360 stimuli. Median reaction times were calculated
for each subject at each measurement for the action mode and the
reaction mode and for the six subsequent presentation intervals of the
reaction mode separately. Only correct, on time responses were used in
the calculation of median reaction time.
Exercise testing
An incremental graded maximal exercise test was performed by the
cyclists on an electrically braked bicycle ergometer (Lode Excalibur
Sport, Groningen, the Netherlands). The exercise test was preceded by a
warming-up of three minutes at 80 W for the males and 60 W for the
females. For males the initial test workload was 160 W, the workload was
increased every 3 min by 40 W until volitional exhaustion. Females
started the test at 120 W with an increase in workload of 30 W every 3
min until volitional exhaustion. In the last 30 s of every workload heart
rate was measured and oxygen consumption was analysed breath by
breath (Jaeger Oxycon Delta, Hoechberg, Germany).
To assess whether athletes were overreached or well-trained after the
period of overload training a combination of objective and subjective
criteria was used. Two out of three following objective criteria should be
fulfilled a) a 10 W or more decrease in maximal load, b) a 5 bpm or more
decrease in maximal heart rate or c) a reduction of 200 ml/min or more
in maximal oxygen uptake. And one of the following subjective criteria
should be fulfilled 1) a mood disturbance as measured with the POMS or
2) a disturbance in perceived stress and recovery as measured with the
RESTQ-sport. Athletes fulfilling one subjective and two objective criteria
at the second but not at the third test were classified as FO, athletes not
fulfilling these criteria were classified well-trained.42
STATISTICAL ANALYSIS
All results were reported as significant at p < .05. All results were
analysed using ANOVA or MANOVA with group as a between subjects
factor and time as a within subjects factor. Gender and age were not
entered into the equations, because the groups were matched for these
variables. In case of the FPT pre-cuing condition was entered as a second
within subjects factor. If Mauchly’s test of sphericity indicated that the
assumption of sphericity was violated the degrees of freedom were
corrected using Huynh-Feldt estimates.
RESULTS
Five athletes fulfilled the criteria of FO (i.e. they fulfilled at least two out
of the three objective criteria in combination with at least one subjective
criterion during the second but not during the third exercise test). Two
athletes showed very high perceived general stress and low perceived
general recovery in the RESTQ-sport in combination with unfavourable
mood state scores on the POMS before the training camp. After the
training camp they showed much more favourable scores on both the
RESTQ-sport and the POMS. One of these athletes showed worse scores
again after recovery training. Because the training camp seemed to have
the opposite effect for these athletes (i.e. they showed a more positive
stress recovery balance after high load training than during everyday
life), these two athletes were excluded from further analyses. The other
seven athletes were classified as well-trained (WT) because they did not
fulfil the criteria for overreaching after the training camp.
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Figure 3.1. Average training loads during baseline,
high load and recovery training for the well trained
(WT) and the functional overreached (FO) groups in
percentages of baseline training.43
TRAINING VARIABLES
Training load and monotony were set at 100% during baseline training.
Load and monotony during high load and recovery training were
expressed as percentages of baseline training. Training load and
monotony were analysed using MANOVA. Significant main effects of time
were found for both training load and monotony (F(2, 18) = 32.89 and
F(1.3, 18) = 13.81 respectively). Polynomial contrasts showed a
quadratic effect of time for both variables (F(1, 9) = 47.65, r = .92 and
F(1, 9) = 15.67, r = .80 respectively). Figure 3.1 shows that the training
load was twice as high during high load training compared to baseline
training. During recovery training training loads were somewhat lower
compared to baseline for both groups. Figure 3.2 shows that also
training monotony was higher during high load training compared to
baseline and recovery training. No main effect for group was found nor
any interaction effects.
NUTRITION
Carbohydrate intake and total caloric intake were analysed using a
MANOVA. A main effect for time was found for carbohydrate and total
caloric intake (F(1,10) = 32.86 and F(1,10) = 39.34 respectively).
Contrasts showed that both caloric and carbohydrate intake were higher
during compared to outside the training camp (F(1,12) = 27.63, r = .83
for total caloric intake and F(1,12) = 22.36, r = .80 for carbohydrate
intake). No main effect for group was found nor any interaction effects.
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Figure 3.2.  Average training monotony during
baseline, high load and recovery training for the
well trained (WT) and the functional overreached
(FO) groups in percentages of baseline training.44
FINGER PRE-CUING TASK
Scores on the finger pre-cuing task for the three different groups
(control, WT and FO) were tested for significance using an ANOVA for
repeated measures at three different times (baseline training, high load
training and recovery training) for the four conditions (uncued, finger
cued, hand cued and neither cued). Scores on the finger pre-cuing task
can be found in Table 3.1. Significant main effects were found for time
(F(1.86, 42.68) = 11.31) and condition (F(2.38, 54.73) = 64.16).
Polynomial contrasts showed a linear improvement of performance on
the finger pre-cuing task over time (F(1,23) = 17.50, r = .66). Simple
contrasts showed significant differences between all cued conditions
compared to the uncued condition of the finger pre-cuing task (F(1,23) =
465.47, r = .98 for the finger cued, F(1,23) = 40.68, r = .80 for the hand
cued and F(1,23) = 21.33, r = .69 for the neither cued condition) with
the longest reaction times for the uncued condition. No significant main
effect was found for group.
None of the interaction effects showed significant differences. However,
two interaction effects came close to significance. The interaction
between time and group approached significance with p = .079 (F(3.71,
42.68) = 2,30). From figure 3.3 it becomes clear that the largest
difference can be found between the FO and the control group at the
second measurement, thus after high load training. The interaction effect
between condition and group also approached significance with p = .083
(F(4.76, 54.73) = 2.10). Figure 3.4 shows that the difference between
the FO and the control group is smaller in the hand cued condition
compared to the other more difficult conditions.
TABLE 3.1. REACTION TIMES FOR THE FOUR CONDITIONS OF THE FINGER 
PRE-CUING TEST FOR THE CONTROL, WELL-TRAINED AND FUNCTIONAL 
OVERREACHED GROUP AFTER BASELINE, HIGH LOAD AND RECOVERY TRAINING 
TRAINING 
PHASE  
UNCUED  HAND  
CUED 
FINGER 
CUED 
NEITHER 
CUED 
CONTROL  399±69 351±73 372±94 379±88 
WT  429±70 380±68 404±77 414±77  BASELINE 
FO  426±35 361±42 400±34 410±41 
        
CONTROL  370±55 321±58 331±80 347±83 
WT  401±64 359±58 382±73 377±69  HIGH LOAD 
FO  440±74 368±65 406±62 429±70 
        
CONTROL  364±54 319±54 327±66 338±65 
WT  392±49 336±43 361±49 368±57  RECOVERY 
FO  416±38 350±43 383±45 406±54 
RESULTS ARE EXPRESSED AS MEANS ± STANDARD DEVIATIONS.  
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Figure 3.3. Mean reaction times averaged over all
conditions on the finger pre-cuing task after
baseline, high load and recovery training for the
control, well trained (WT) and functional overreached
(FO) groups.
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Figure 3.4. Mean reaction times on the uncued, hand
cued, finger cued and neither cued conditions of the
finger pre-cuing task for the control, well trained
(WT) and functional overreached (FO) groups
averaged over the three measurements.46
DETERMINATION TEST
The action and the reaction mode of the determination test were
analysed separately. The action mode was analysed using an ANOVA for
repeated measures with three measurements (baseline training, high
load training and recovery training) and three groups (control, WT and
FO). A significant main effect for time was found (F(1.69, 38.91) =
129.10). Polynomial contrasts revealed a linear improvement over time
(F(1, 23) = 219.66, r = .95). The main effect of group and the
interaction between time and group Reaction times of the reaction mode
were also analysed using an ANOVA for repeated measures for the three
measurements (baseline training, high load training and recovery
training) and for the six presentation intervals (1.225, 0.948, 0.834,
0.734, 0.646 and 0.834 s). Significant main effects were found for time
(F(1.73, 39.67) = 96.25) and presentation interval (F(4.35, 100.08) =
13.55). Polynomial contrasts showed a linear improvement of
performance on the determination test over time (F(1,23) = 156.85, r =
.93). Also for presentation interval polynomial contrasts showed a linear
improvement (F(1, 23) = 45.43, r = .81) with faster reaction times for
shorter presentation intervals. The effect of group was not significant
nor were any of the interaction effects.
Although not significant, an interesting finding is the interaction between
group and presentation interval (Figure 3.5). The control group shows no
increases in reaction times by faster presentation intervals, whereas
both training camp groups show increased reaction times for the two
fastest presentation intervals. These are the conditions in which the
presentation interval is as long as or shorter than the subjects’ reaction
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Figure 3.5. Mean reaction times for the different
presentation intervals on the Determination Test for
the control, well trained (WT) and functional
overreached (FO) groups averaged over the three
measurements.47
time in easy conditions (i.e., when self paced in the action mode or in the
conditions with the longest presentation interval when automatically
paced).
DISCUSSION
The main purpose of the present study was to study whether psy-
chomotor speed is affected by high load training. Specifically, it was
hypothesised that FO athletes would perform worse on two tasks of
psychomotor speed than WT athletes. Five out of 14 athletes who
participated in the study were FO after their training camp, seven
athletes were classified WT and two athletes were excluded from the
analyses because they showed a disturbed stress-recovery balance
already before the training camp.
Significant main effects were found on the finger pre-cuing task for time
and for condition. Subjects usually become faster as they repeatedly
perform reaction time tasks. This is exactly what was found in the
present study. The effect of condition can be explained by the difficulty
of the condition. The pre-cued conditions are easier than the un-cued
condition because these are two choice reaction time conditions while the
un-cued condition is a four choice reaction time condition (Adam et al.,
2003). The hand cued condition is the easiest pre-cued condition which
indeed gave the shortest reaction times in the present study. The hand
cued condition is followed by the finger cued condition and the neither
cued condition is the most difficult pre-cued condition. In the present
study reaction times were indeed longer as the condition became more
difficult.
The interaction effect between time and group showed a trend towards
significance. The FO group was slower than the control group on the
second measurement, thus after high load training (see Figure 3.3).
Reaction times of the FO group increased 11 ms (performance
decrement) from baseline training to high load training, whereas
reaction times of the WT and the control group decreased 27 and 34 ms
respectively (increase in performance). After high load training the FO
group was 20% slower than the control group and 8% slower than the
WT group. For comparison, patients with major depression are 20 to 26%
slower than healthy controls (Chaper 1 of this thesis; White et al., 1997)
and patients with chronic fatigue syndrome are 15% slower than healthy
controls (Chapter 1). Thus, although not statistically significant,
differences in the present study are meaningful.
The fact that a trend towards psychomotor slowness has been found
instead of statistical differences might have been caused by the small
sample size for a repeated measures design with three measurements.
This was due to the fact that only 5 out of 14 cyclists were FO after high
load training. In future studies a heavier and/or a longer training
protocol should ensure more FO subjects after high load training.
Additionally, the fact that the symptoms are mild and of short duration
might have influenced the degree of psychomotor slowness. Future
studies should explore the degree of psychomotor slowness in NFO and
OTS athletes.
The interaction between group and condition also approached
significance. Figure 3.4 shows that the easiest condition (i.e. the hand48
cued condition) gave smaller differences between the FO and the control
group than the more difficult conditions. Rietjens et al. (2005) also found
differences on the most difficult conditions of the finger pre-cuing task
between a high load training group and a control group.
On the determination test a main effect was found for time and for
presentation interval in the reaction mode. The main effect of time
represents the same practice effect as was found on the finger pre-cuing
task. Practice effects are regarded very general effects. Therefore, it is
not surprising that a practice effect was found in the present study as
well. The significant linear effect of presentation interval showed that
subjects react faster as the pressure becomes higher. No significant
group differences were found on the determination test, although a
marked difference can be observed between the three groups on the
reaction mode (Figure 3.5). Both the FO and the WT group showed a
increase in reaction time when put under pressure. This result is similar
to other results (Andersen & Williams, 1999; Rietjens et al., 2005;
Chapter 5 of this thesis). It seems that athletes are not able anymore to
optimally perform under pressure when they experience a less
favourable stress recovery balance. Athletes who overtrain or overreach
have a less favourable stress recovery balance (Kenttä & Hassmén,
1998). However, the athletes in the present study did not experience
negative consequences of this disbalance on the long run which might
have been the reason that differences were not significant.
In conclusion, the direction of the trends found in the present study are
consistent with theory and hypotheses. Task characteristics such as task
difficulty and the amount of stress within a task should be manipulated in
future studies. Results on the determination test suggest that athletes
under high stress perform less in stressful task conditions compared to
controls. Also, task difficulty seems to be a factor that can influence
psychomotor speed in overreached and maybe overtrained athletes as is
suggested by the results on the finger pre-cuing task. Further, more
research should be conducted, especially in more severe overtraining
states (e.g., NFO and OTS) to conclude whether psychomotor slowness
exists in overtrained athletes and could therefore be an early marker for
OTS.Chapter 4
REACTION TIME MEASUREMENT AS A TOOL FOR
MONITORING PERFORMANCE IN ROWERS
This chapter is submitted as:
Nederhof, E., Visscher, C., Lemmink, K.A.P.M. Reaction time measurement
as a tool for monitoring performance in rowers. British Journal of Sports
Medicine.
Acknowledgements:
The authors thank all rowers and their coaches for their cooperation. We
also thank dr Marijtje van Duijn for her help with multilevel analysis.50
The purpose of the study was to investigate if psychomotor speed can be
an early marker for overtraining. It was hypothesised that lower perceived
performance was related to longer reaction times.  A total of 85
measurements at five measurement occasions over the course of the
rowing season were taken. Perceived performance was measured with the
scale ‘Reduced Sense of Accomplishment’ of the Athlete Burnout
Questionnaire. Reaction times were measured with the finger pre-cuing
task and with two parts of the determination test, the action and reaction
modes. The complex structured data were analysed with multilevel
modelling using the program MLwiN.  Random intercept linear models
showed that perceived performance was not related to reaction times on
the finger pre-cuing task. Lower perceived performance significantly
predicted reaction times on the action and reaction modes of the
determination test. In rowers who were not selected for the team after
participating in two measurements, this relation did not exist in the action
mode; deselection was a moderator. In conclusion, a significant relation
between reaction times on the determination test and perceived
performance was found. This result is discussed in the light of previous
results with these two reaction time tasks.51
INTRODUCTION
Overtraining is feared by athletes and coaches, because it leads to
performance decrements and because a temporary withdrawal from
competition and practice is in many cases necessary (Meeusen et al.,
2006; Uusitalo, 2001). Preventing athletes from overtraining therefore
seems the best solution. An incredible number of studies has been
devoted to early detection of overtraining (for extensive reviews see
Halson & Jeukendrup, 2004; Meeusen et al., 2006; Urhausen &
Kindermann, 2002). This effort has up to today not lead to a reliable,
applicable marker.
It has recently been suggested that psychomotor speed might be a
marker for overtraining (Chapter 1). Psychomotor speed can be assessed
through computerised reaction time tasks. The advantage of this method
is that it is easy to apply in training practice. A standardised computer
setup in a quiet room is all that is needed.
Apart from a high face validity, some support for the psychomotor
slowness hypothesis has been found. In two studies it has been shown
that psychomotor speed decreases after high load training (Rietjens et
al., 2005; Chapter 1 of this thesis). Rietjens and colleagues (Rietjens et
al., 2005) measured reaction times of seven cyclists before and after a
two week period of increased training. The cyclists increased their
training load with 107%. Compared to a control group that did not
increase their training load, reaction times of the cyclists were longer on
the most difficult conditions of the task (Rietjens et al., 2005).
Comparable results were reported in chapter 3. They also measured
reaction times in cyclists before and after a period of high load training.
In this study the training load increased 100%, which resulted in five
functional overreached cyclists. Those cyclists showed longer reaction
times compared to a control group who did not increase their training
loads (Chapter 3). It can thus be concluded, that psychomotor speed is
sensitive to sudden large increases in training load.
If an early marker is to be used in sports practice, we must be sure that
the marker is sensitive to relevant aspects of overtraining over the
season. The most important aspect of overtraining is underperformance.
However, the magnitude of performance decrements in (non-) functional
overreaching and overtraining syndrome is unclear (Meeusen et al.,
2006; Urhausen & Kindermann, 2002). An additional problem with actual
performance assessment is the use of different training modalities
throughout the year, for example in rowing. In the rowing club where
data for the present study were collected, from September until
November practice mainly consisted of rowing in a skiff and indoor
rowing on an ergometer. From December until about February indoor
training on the ergometer but also in the gym are most common on
weekdays whereas in the weekends they start rowing in larger boats.
From March until July practice mostly consists of boat trainings.
Performance assessment on an ergometer was therefore not possible
from March onwards, whereas performance assessment in the skiff would
be influenced by weather too much to obtain reliable performance
measures (Coen et al., 2003). Because subjective measures have
consistently been found to be early indicators of overtraining (Coutts et
al., 2007; Foster, 1998; Hooper et al., 1995; Kellmann & Gunther, 2000;52
e.g., Rietjens et al., 2005; Urhausen et al., 1998b), measuring perceived
performance seemed most suitable.
The purpose of the present study was to investigate whether
psychomotor speed is sensitive to changes in perceived performance in a
normal rowing season. The hypothesis was that decrements in perceived
performance would be related to longer reaction times.
METHODS
SUBJECTS
Subjects in the present study were 26 varsity rowers (14 male, 12
female), who all rowed at national level. Their mean age at the beginning
of the study was 21.3 (SD = 1.6) years. They started rowing at the age
of 18.5 (SD = 2.0) years and they had been rowing at the national level
for 1.7 (SD = 1.0) years on average. The subjects practiced 6.6 (SD =
1.2) times a week, averaging 11.2 (SD = 2.2) hours a week. They
participated on average in 18.5 (SD = 2.0) racing days a year. All
participants signed informed consent. The study was in accordance with
the Helsinki Declaration.
INSTRUMENTS
Finger Pre-cuing Task (FPT)
The exact same setup and procedure was used as in a previous study
(Chapter 3). The finger pre-cuing task (FPT) is a four choice reaction
time task in which a cue reduces the amount of possible stimulus/
response locations to two in three out of four conditions (Adam et al.,
2003; Miller, 1982). The cue signal consisted of two plus signs either
below the two leftmost or the two rightmost plus signs (hand-cued
condition), below the middle or outer two plus signs (finger-cued
condition), or below the rightmost and left of the middle or the leftmost
and right of the middle plus signs (neither-cued condition), or the cue
signal consisted of four plus signs below the warning signal (uncued
condition). After a time interval of 500 ms the target signal appeared
below the cue row always on a position indicated by the cue. The
subject’s task was to respond as quickly as possible to the target signal
by pressing the appropriate key. Mean reaction time was calculated for
each subject per pre-cuing condition. Incorrect responses as well as
reaction times shorter than 150 ms or longer than 1000 ms were omitted
in the calculation of mean reaction time.
Determination Test (DT)
The exact same setup and procedure was used as in chapter 3.The
Determination Test (DT), performed on the Vienna Test System
(Schuhfried, Moedling, Austria), is a reaction time test with five different
visual stimuli to which a manual reaction is required, two visual stimuli to
which a pedal reaction is required and one auditory stimulus to which a
manual reaction is required. In the action mode a new stimulus occurs as
soon as a correct reaction is given. In the reaction mode the stimuli
occur in six blocks with pre-set presentation times of 1.225, 0.948,
0.834, 0.734, 0.646 and 0.834 s. Two visual stimuli that required manual
reactions in the action mode should be inhibited. Median reaction times
were calculated for the action mode and for the six subsequent53
presentation intervals of the reaction mode separately only from correct,
on time responses.
Perceived Performance
Perceived performance was assessed with the scale ‘Reduced Sense of
Accomplishment’ of the Athlete Burnout Questionnaire (Raedeke &
Smith, 2001). The scale consists of 5 items about feelings of success,
achievement of goals and performance. Questions are answered on a 5-
point Likert-type scale with 1 = ‘almost never’ and 5 = ‘almost always’.
Scores were calculated by adding item scores and dividing this by five.
The higher the score the lower was their perceived performance. The
Athlete Burnout Questionnaire has sufficient reliability and validity
(Raedeke & Smith, 2001).
PROCEDURE
Subjects came to our laboratory maximal five times during the rowing
season, which lasts from September to July. Subjects came to our
laboratory at the same time of day each measurement occasion. They
first performed one of the reaction time tasks. Secondly they filled out
the Athlete Burnout Questionnaire, after which they performed the
second reaction time task. The order of the reaction time tasks was
counterbalanced between subjects, but was kept constant within
subjects.
DATA ANALYSIS
The complex structured data were analysed using the multilevel
modelling program MLwiN (Goldstein et al., 1998). Multilevel modelling is
an extension of multiple regression and is developed for analysing
hierarchically structured (or nested) data, where the hierarchy defines
several levels. Three different models were calculated. One model with
reaction times on the FPT, one with reaction times of the action mode and
one with the reaction mode of the DT. In all three models the subjects
represented the highest level. Measurement occasions were nested in
subjects. In case of the FPT the four conditions (nested within each
measurement occasion) formed the lowest level (level 1) units. The six
blocks of the reaction mode of the DT also represented the lowest level.
In case of the action mode of the DT the measurement occasions were
the lowest level units, as this part of the DT does not have conditions or
blocks.
Multilevel modelling is preferable above traditional methods because it
takes into account the variation at the different levels in addition to the
mean group response. Another advantage is the fact that a different
number of measurements per subject is allowed as was the case in the
present study. As a number of subjects dropped out from the study for
different reasons, the assumption that data were missing at random does
therefore not hold. This problem was taken care of by using the reason
for drop-out as a predictor in the model.
Reaction times were modelled using a random intercept model in which
all parameters have a fixed effect, except the constant or intercept which
varied randomly over all levels. From the baseline model, in which a
satisfactory modelling of reaction times over time (and conditions/54
blocks) was sought by specifying an adequate variance structure as
simple as possible, additional variables were added. First, information
about the reason for drop out and gender were entered. Second,
perceived performance and interactions with measurement occasions,
reason for missing data and conditions or blocks were entered. A
variable significantly contributed to the model if the Z-score reached the
critical value for p < .05. (p. 86, Snijders & Bosker, 1999). Z-scores were
calculated by dividing the estimate by its standard error.
RESULTS
During the season ten rowers (5 males, 5 females) stopped participation
in the study because they were not selected for the team. Deselection
took place just before the third measurement occasion for nine rowers.
Another four female rowers withdrew from the study after the third
measurement occasion because they perceived participation as too
demanding. All other missing data points were random or for reasons
that were too infrequent to group. In total, 85 data sets were obtained.
A piecewise linear model with random intercept adequately represented
the development of the four FPT conditions over time (Table 4.1).
Reaction times at the second measurement occasion were used as the
reference. Reaction times at the first occasion were modelled relatively
to the second. Reaction times at the third, fourth and fifth occasion were
modelled together also relatively to the second occasion. Reaction times
at the first measurement occasion were significantly longer than at the
second measurement occasion. Reaction times at the later measurement
TABLE 4.1. MULTILEVEL REGRESSION MODEL FOR REACTION TIMES ON THE 
FINGER PRE-CUING TASK (FPT) 
PARAMETER E STIMATE SE 
FIXED    
  intercept  375.465 16.764 
  occasion 1  35.339 6.879 
  occasions 3,4,5  -4.785 7.069 
  hand cued  -54.301 2.867 
  finger cued  -31.518 2.867 
  neither cued  -16.699 2.867 
  deselected  4.904 16.132 
  withdrawal  68.396 21.222 
  perceived performance  -1.518 5.394 
RANDOM    
  Level 3 (between rower)  1147.676 377.711 
  Level 2 (between occasion, within rower)  504.066 110.588 
  Level 1 (between condition, within occasion)  341.213 30.582 
DEVIANCE    
   -2*loglikelihood  3089.233  
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occasions did not differ from reaction times at the second measurement
occasion.
Reaction times at the hand cued, finger cued and the neither cued
condition were significantly shorter than the uncued condition. Reason
for drop out, withdrawal or deselection, was modelled relatively to
reaction times of rowers who had no (reason for) missing data. Reaction
times of the four female rowers who withdrew from the study were
significantly longer, whereas reaction times of the deselected rowers did
not differ significantly from the other rowers. As reaction times are
usually not different between males and females and gender did not
contribute to the model over the effect of reason for drop out it was not
included in the final model. No main effect of perceived performance was
found.
Interaction effects of perceived performance with measurement occasion
and reason for drop out were not significant. Perceived performance did
also not show interaction effects with FPT conditions, except for the
neither cued condition. For every extra point on the scale ‘Reduced
Sense of Accomplishment’ subjects were 6 ms faster on the neither cued
condition. Because, the model as a total did not improve significantly
(i.e. the deviance, which is a measure of model fit, was tested against
the ÷2 distribution with three degrees of freedom, because three factors
were added: ÷2 = 6.043, p > .05) and the absolute difference is very
small, we did not present these results in the final model (Table 4.1).
TABLE 4.2. MULTILEVEL REGRESSION MODEL FOR REACTION TIMES ON THE 
ACTION MODE OF THE DETERMINATION TEST (DT) 
PARAMETER E STIMATE SE 
FIXED    
  intercept 735.445  16.743 
  occasion 2  -69.403  5.832 
  occasion 3  -97.046  6.478 
  occasion 4  -120.170  8.260 
  occasion 5  -134.788  9.701 
  deselected 18.554  28.583 
  withdrawal 42.693  58.082 
  perceived performance  18.255  5.157 
  perceived performance * deselected  -24.399  10.448 
  perceived performance * withdrawal  -10.262  27.353 
RANDOM    
  Level 2 (between rower)  1222.791  375.574 
  Level 1 (between occasion, within rower)  380.072  70.622 
DEVIANCE    
   -2*loglikelihood 799.272   
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Figure 4.1. Model estimates of reaction times on the DT for every
measurement occasion (m1, m2, m3, m4 and m5) for rowers
without (a reason for) missing data and for the deselected rowers
(m1d and m2d). The length of the lines represents the range of
scores at the different measurement occasions in the two groups.
This figure shows the moderating effect of deselection. Lines m1 –
m5 show a positive slope, while lines m1d and m2d show a slightly
negative slope.
Reaction times at the action mode of the DT were best represented in a
random intercept model with estimates for every measurement occasion
(Table 4.2). Reaction times at the first measurement occasion were used
as reference in the model. Reaction times at the other measurement
occasions were modelled relatively to the first and all differed
significantly from the first occasion. Reaction times of the deselected
rowers and of the four female rowers who withdrew from the study did
not differ from the other rowers. Perceived performance significantly
predicted reaction times. In other words, for every extra point a rower
scored higher on the scale ‘Reduced Sense of Accomplishment’, reaction
time increased by 18 ms.
A significant interaction effect of reason for drop out was found. The fact
that some rowers were not selected for the team moderated the relation
between perceived performance and reaction time. Reaction times of
these rowers were 6 ms shorter (i.e. 18 – 24) for every point they scored
higher on the scale ‘Reduced Sense of Accomplishment’ (Figure 4.1).
Other interaction effects were not significant.
Reaction times at the reaction mode of the DT were also best
represented by a random intercept model with estimates for every
measurement occasion (Table 4.3). Again, reaction times at all
measurement occasions differed significantly from the first. Reaction57
times of blocks two to six were significantly shorter than reaction times
at the first block, which was used as the reference block. In this model,
reaction times of deselected rowers and the rowers who withdrew from
the study did not differ significantly from the others. Perceived
performance significantly predicted reaction times.
Interaction effects were not significant, except the interaction between
perceived performance and the second measurement occasion. This
interaction showed that the existing relation between perceived
performance and reaction time was not present at the second
measurement occasion. Because the model with interactions had a worse
fit (i.e., a higher deviance) and the interaction is not interpretable, the
interactions were not presented in the final model (Table 4.3).
TABLE 4.3. MULTILEVEL REGRESSION MODEL FOR REACTION TIMES ON THE 
REACTION MODE OF THE DETERMINATION TEST (DT) 
PARAMETER E STIMATE SE 
FIXED    
  intercept 694.183  16.832 
  occasion 2  -49.026  5.820 
  occasion 3  -71.575  6.819 
  occasion 4  -80.114  8.352 
  occasion 5  -96.786  10.182 
  block 2  -32.118  5.708 
  block 3  -32.824  5.708 
  block 4  -43.647  5.708 
  block 5  -52.588  5.708 
  block 6  -51.412  5.708 
  deselected -28.134  18.061 
  withdrawal 33.002  24.028 
  percieved performance  12.301  4.247 
RANDOM    
  Level 3 (between rower)  1582.721  482.790 
  Level 2 (between occasion, within rower)  193.459  79.473 
  Level 1 (between block, within occasion)  1384.862  95.001 
DEVIANCE    
   -2*loglikelihood  5253.739  58
DISCUSSION
The hypothesis, that decrements in perceived performance would be
related to longer reaction times, was confirmed with the DT but not with
the FPT. The multilevel models (Tables 4.2 and 4.3) showed that rowers
who scored higher on the scale ‘Reduced Sense of Accomplishment’ had
longer reaction times on the DT. For every point the rowers scored higher
their reaction times were 18 ms longer on the action mode and 12 ms on
the reaction mode of the DT. These results were not confirmed with the
FPT.
On both reaction time tasks an effect of measurement occasion was
found. On the FPT reaction times became shorter from the first to the
second measurement occasion. Thereafter, reaction times did not
change. On the DT reaction times became shorter every measurement
occasion. Thus, practice effects were different for both reaction time
tasks.
On the FPT a significant effect of condition was found. The uncued
condition gave longest reaction times, followed by the neither cued
condition, the finger cued and the hand cued condition. This pattern
reflects the advantage of the pre-cue information over the four choice,
uncued condition and is a usual finding (Adam et al., 2003; Miller, 1982).
On the reaction mode of the DT a significant effect of block was found.
Reaction times were shortest in blocks four and six. Reaction times in
block five, the block with the shortest presentation times, were slightly
longer. Compared to earlier results, this seems a normal pattern in
athletes (Chapter 3).
Another difference in findings between the two tests is the effect of
reason for missing data. On the FPT the four female rowers who
withdrew participation from the study were significantly slower. This
factor did not moderate the relation between perceived performance and
reaction time. On the DT the factor deselection moderated the relation
between perceived performance and reaction time. For deselected
rowers a small positive relation between perceived performance and
reaction time was found, whereas for the other rowers a significant
negative relation was found.
Thus, it can be concluded that the DT is a useful test for monitoring
rowers with regard to perceived performance. One would have to take
into account several aspects when using this test. Most important, the
effect of repeated measures should be taken into account. In the present
study reaction times at the DT were measured five times. Further
research would have to point out what happens with reaction times at
following measurement occasions. Another aspect to deal with is the fact
that reaction times were not related to performance in deselected
rowers, at least in the action mode of the DT. Possibly, certain
characteristics of these rowers made that they were not selected for the
team and made that perceived performance was not related to their
reaction times. It would be an interesting research goal to investigate
which personal characteristics influence the relation between perceived
performance and reaction time.
The FPT seems to be a less suitable tool for monitoring athletes as no
relation with perceived performance was found. This is remarkable in the
light of two earlier studies (Rietjens et al., 2005; Chapter 3 of this59
thesis). In both studies doubling training load resulted in longer reaction
times at the FPT. Apparently, the FPT is sensitive to sudden large
changes in training load but not to small changes in perceived
performance. For the DT the opposite might be true. A relation with small
changes in perceived performance was found in the present study, but no
changes in reaction times on the DT were found after high load training
(Chapter 3). Apparently, some essential differences between the tests
exist.
The two tests indeed measure different aspects of information
processing. The DT is a complex reaction time task during which subjects
have to give manual reactions to five visual stimuli, pedal reactions to
two other visual stimuli and a manual reaction to an auditory stimulus. In
the reaction mode two of the visual/manual stimulus response
combinations should be inhibited. Thus, an emphasis is placed on
stimulus identification. The FPT is a complex reaction time task with four
visual/manual stimulus response combinations. In three out of four
conditions a pre-cue reduces the number of options to two. Thus, the
emphasis of the FPT is on response selection. It is unclear how the
different aspects of information processing are influenced by changes in
(over)training status. In future studies unravelling this question should
be central.60Chapter 5
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The current diagnosis of overreaching and overtraining is based on
exclusion. In the present paper four possible confirmative tools have been
examined in three female speed skaters between 16 and 19 years old. A
non-functional overreached (NFO) athlete, an athlete who was recovering
from NFO and a healthy athlete were examined. The NFO athlete showed
high stress and low regeneration levels at the Recovery Stress
Questionnaire for Athletes. The recovering athlete showed a more
favorable profile, although she still showed higher stress and lower
recovery than the control athlete. On the Profile of Mood States the NFO
athlete showed an unfavorable profile. The control athlete showed the
typical iceberg profile. The recovering athlete showed a profile similar to
sedentary individuals. Results on a reaction time task showed decreased
performance under pressure for the NFO but not for the control and the
recovering athlete. Hormonal reactions to two maximal exercise bouts also
differed between the three subjects with an overreaction after the second
exercise bout of the NFO athlete as the most remarkable finding. The
Recovery Stress Questionnaire for Athletes, reaction times and hormonal
reactions to exercise showed to be possible tools that can be used in the
diagnostic procedure.63
INTRODUCTION
The diagnosis of overtraining status is still based on exclusion (Meeusen
et al., 2006; Uusitalo, 2001). Athletes, coaches and sports physicians
feel the need for confirmative diagnostic tools as exclusion diagnosis
contains a large degree of uncertainty. Different variables have been
suggested relevant for the diagnosis of overtraining (Urhausen &
Kindermann, 2002). However, research on confirmative variables is
scarce. Through this case report a contribution is given towards the
development of confirmative diagnostic tools.
In the present paper recently proposed terminology will be used
(Meeusen et al., 2006; Chapter 1 of this thesis). The terms overreaching
and overtraining will be used as verbs to express periods of a disturbed
stress-regeneration balance. Overreaching and overtraining can have a
(temporary) negative outcome in terms of performance, fatigue and
other complaints as altered eating and sleeping patterns, concentration
problems and changed mood states. If the outcome is reversed within a
short period of time, the state will be called functional overreaching
(FO). The athlete does not experience severe complaints and recovers
within a few days or weeks. If the recovery period takes longer than
desired, the state is called non-functional overreaching (NFO). Recovery
might interfere with the training program, with important games or races
and a certain degree of detraining might occur. Only if the outcome is
severe the term overtraining syndrome (OTS) will be used. An athlete
with OTS experiences severe fatigue and other complaints and
performance decrements will be present for a long time. Recovery from
OTS takes several months up to years. OTS does probably not occur as
often as has sometimes been suggested (Chapter 1).
The cause of FO, NFO and OTS is a disturbed stress-regeneration
balance. This can be caused by a change in training regime or an
important stressful psychosocial event in combination with insufficient
recovery. The occurrence of stressors should be evaluated by taking a
careful history of the athlete (Uusitalo, 2001). In addition, a structured
questionnaire as the Recovery Stress Questionnaire for Athletes (RESTQ-
sport; Kellmann & Kallus, 2001) could be used. The RESTQ-sport
assesses the frequency of experienced stressors and regeneration
related activities. It has mainly been used in training studies with rowers
(Jurimae et al., 2002; Kellmann & Gunther, 2000; Kellmann et al., 2001;
Steinacker et al., 2000), but also with cyclists (Chapter 3) and triathletes
(Coutts et al., 2007). The RESTQ-sport has shown to be a valuable tool
for monitoring the reactions to changes in training load (Jurimae et al.,
2002; Kellmann & Gunther, 2000; Kellmann et al., 2001). The diagnostic
value of this questionnaire has been demonstrated by successfully
classifying athletes as FO (Coutts et al., 2007; Nederhof et al., 2007;
Steinacker et al., 2000). However, it has never been used in the
diagnosis of more severe cases of overreaching or overtraining. The
RESTQ-sport was administered in the present study to assess its value in
assessing the stress-regeneration history of the patient.
A symptom of a disturbed stress-regeneration balance is a worsened
mood state. The Profile of Mood States (POMS) is a commonly used
questionnaire in sports (LeUnes, 2000). The POMS assesses several
aspects of mood, namely tension, depression, anger, vigor, fatigue and64
confusion. It has shown to be sensitive to FO in some individuals but not
in others (Martin et al., 2000; Nederhof et al., 2007; Rietjens et al.,
2005). The sensitivity of the POMS for NFO is unknown. Only one case of
an NFO athlete has been reported in the literature (Hedelin et al.,
2000b). This athlete showed a severely disturbed mood pattern. In the
present study the POMS was administered to quantify mood disturbances
and fatigue.
Another consequence of a disturbed stress-regeneration balance can be
impaired information processing in the brain. In chapter 1 I proposed
that athletes with NFO or OTS could show psychomotor slowness.
Psychomotor slowness can be measured by computerized reaction time
tasks. This has been done in two training studies (Rietjens et al., 2005;
Chapter 3 of this thesis). Rietjens et al. (2005) compared reaction times
before and after a period of high load training to reaction times of a
control group. They found a significant increase in reaction time even
though no performance decrements were found (Rietjens et al., 2005).
In chapter 3 I compared a group of FO cyclists to a control group. I found
differences that are comparable to differences usually found between
patients with major depression and controls. Reaction time has never
been reported in athletes with NFO or OTS. Therefore, a reaction time
task was administered in the present study.
A disturbed stress-regeneration balance can also lead to altered
hormonal regulation. It is hypothesized that the hypothalamic-pituitary-
adrenal axis is dysfunctional in athletes with OTS (Armstrong &
VanHeest, 2002; Meeusen et al., 2006; Urhausen & Kindermann, 2002).
Measuring hormonal reactions to stress tests seem to give the best
results (Meeusen et al., 2006; Urhausen & Kindermann, 2002). In the
present study the double maximal exercise protocol as proposed by
Meeusen et al. (2004) was performed. This protocol enables a
comparison between hormonal reactions to two separate exercise tests
on one day. Meeusen et al. (2004) showed differences between athletes
before and after a period of high load training on cortisol and
adrenocorticotrophic hormone (ACTH) reactions to the exercise tests.
They also showed “hypersensitivity of the pituitary followed by an
exhaustion” (p. 145) in an athlete with OTS.
The purpose of the present study is to report RESTQ-sport and POMS
scores, reaction times, and cortisol and ACTH reactions to a double
exercise protocol in three cases, a healthy athlete and two athletes who
consulted a sports physician with complaints of underperformance and
fatigue.
METHODS
SUBJECTS
Three female speed skaters took part in the present study, their
anthropometric and training data can be found in table 5.1. Two athletes
consulted a sports physician with complaints of underperformance and
fatigue. The third athlete was tested as a healthy control subject. The
two patients were 16 and 19 years old, the control subject was 17 years
old. The 16 year old patient trained 5 times a week, the 19 year old
patient 8 times and the control subject 7 times a week. All subjects raced
every weekend in winter. The procedure was approved by the Central65
Committee on Research involving Human Subjects. All three participants
signed informed consent before participation, including approval of both
parents of the two under aged subjects.
DIAGNOSTIC  PROCEDURES
All subjects were diagnosed according to recent recommendations
(Meeusen et al., 2006; Uusitalo, 2001) before participation. After a
careful history and physical examination by the sports physician, blood
was drawn to rule out other possible causes for the complaints of the
athletes. No possible cause for underperformance or fatigue nor any risk
factors for maximal exercise was found in the two patients and the
control subject was found to be healthy. The control subject participated
in the study after an intensive training week that was part of her normal
training program.
The 16 year old patient had complaints of decreased performance
capacity, fatigue and problems with sleeping. Her school results
worsened and she did not enjoy speed skating anymore. Her problems
started after a period of increased training load during the summer
followed by a high intensity training camp in autumn. Physical
examination and blood tests revealed no abnormalities. She needed 4
months of rest to recover from her condition. Retrospectively it was
concluded that she suffered from NFO at the time of the study.
The 19 year old patient was referred to our clinic because of decreased
performance, fatigue, amenorrhea, depressed and irritable mood and a
disturbed sleeping pattern which existed for over 3 months. These
complaints began after a period of increased training load and a gastro-
enteritis. At time of testing she reported less symptoms than three
weeks before when she consulted the referring specialist. She was less
tired, she was menstruating normally again and subjectively reported to
be less irritable and less peevish. Physical examination and blood tests
revealed no abnormalities. She resumed training at a lower frequency
two weeks after she was tested. She fully resumed training about 3
months after testing. It was concluded that she was already recovering
from NFO at the time of the study.
TABLE 5.1. ANTHROPOMETRIC AND TRAINING CHARACTERISTICS OF THE 
SUBJECTS 
   NFO  RECOVERING NFO CONTROL 
LENGTH [M]  1.69 1.74 1.69 
WEIGHT [KG]  53 69 53 
PRACTICE SESSIONS 
PER WEEK 
5 8-14 7 
RACE DAYS PER WEEK  2 2 2 
CHANGE IN TRAINING 
LOAD COMPARED TO 
PREVIOUS SEASON 
session 
length 
doubled to 
3 hours 
more training 
sessions, more 
intense sessions and 
weight loss program 
no change 
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Time  Activity  Location 
Before 7.00 a.m.  Breakfast  At home 
9.00 a.m.  Intake   Sports Medicine 
Laboratory 
9.30 a.m.  Blood draw  Sports Medicine 
Laboratory 
9.35 a.m.  Exercise test immediately followed 
by blood draw 
Sports Medicine 
Laboratory 
     
11.30 a.m.  Lunch  Restaurant 
     
1.00 p.m.  RESTQ-sport and POMS   Sports Medicine 
Laboratory 
1.30 p.m.  Determination Test  Sports Medicine 
Laboratory 
2.00 p.m.  Blood draw  Sports Medicine 
Laboratory 
2.05 p.m.  Exercise test immediately followed 
by blood draw 
Sports Medicine 
Laboratory 
 
Figure 5.1. Schematic overview of the protocol.
PROTOCOL
A schematic overview of the test day can be found in Figure 5.1. Subjects
were asked to have breakfast before 7 a.m. They reported to our
laboratory at 9 a.m. After an intake by the sports physician the first
venipuncture was taken. Immediately after the first exercise bout the
second blood sample was drawn. After the first exercise test the subjects
rested for four hours. They had lunch two hours before the third blood
sample was drawn. This blood sample was drawn just before the second
exercise test. After this test the fourth and last blood sample was drawn.
The RESTQ-sport and the POMS were filled out after the lunch, before the
second exercise test. The Vienna Determination Test was also performed
between lunch and the second exercise test.
RECOVERY STRESS QUESTIONNAIRE FOR ATHLETES
A Dutch translation of the RESTQ-sport was used to assess the perceived
frequency and direction of general and sport specific stress and of
general and sport specific regeneration activities (Kellmann & Kallus,
2001). Subjects were asked to indicate how often stressful events and
regeneration related activities occurred to them in the last week.
Questions were answered on a 7 point Likert-type scale with 0 = never
and 6 = always. The RESTQ-sport consists of 19 scales. Each scale
consists of 4 questions. The RESTQ-sport has sufficient reliability and
validity (Kellmann & Kallus, 2001). Crohnbach’s alpha and the intra class67
correlation of the Dutch translation are comparable to the original
English questionnaire (Chapter 6).
PROFILE OF MOOD STATES
In the present study the Dutch version of the POMS was used to measure
mood states. Subjects were asked to respond to what degree 32
statements correspond to their feelings at the moment on a 5-point scale
ranging from 0 = not at all to 4 = very much. The Dutch POMS consists of
5 scales with a total of 32 items that assess the negative moods
depression (8 items), anger (7 items), fatigue (6 items), and tension (6
items) and the positive mood vigor (5 items). The Dutch POMS has
sufficient reliability and validity (Wicherts & Vorst, 2004).
REACTION TIME TASK
The Determination Test, performed on the Vienna Test System
(Schuhfried, Moedling, Austria), is a reaction time test with five different
visual stimuli to which a manual reaction is required, two visual stimuli to
which a pedal reaction is required and one auditory stimulus to which a
manual reaction is required. The Determination Test consists of two
parts. In the first part, the action mode, a new stimulus occurs as soon
as a correct reaction is given. This part lasts 5 minutes. In the second
part, the reaction mode, the stimuli occur in six blocks with pre-set
presentation times of 1.225, 0.948, 0.834, 0.734, 0.646 and 0.834 s.
Two manual reactions to visual stimuli should be ignored. The reaction
mode consists of a total of 360 stimuli. Median reaction times were
calculated for each subject for the action mode and the reaction mode
and for the six subsequent presentation intervals of the reaction mode
separately. Only correct, on time responses were used in the calculation
of median reaction time. The Determination Test has high reliability.
Cronbach’s Alpha as well as split-half reliability are generally above .9
and always above .8 in the different test forms (Neuwirth & Benesch,
2003).
HORMONAL RESPONSES
Venous cortisol and ACTH concentrations were measured before and
after two incremental graded exercise tests on a cycle ergometer until
volitional exhaustion. The subjects started with a warming up at 60W for
three minutes. The exercise test started at 120 W. The load was
increased by 30W every three minutes. Blood samples were stored on ice
during immediate transport to the hospital laboratory where the samples
were analyzed through luminescence-immuno-assay.
DATA TREATMENT
Scores on the POMS subscales were calculated by adding scores on the
items of each subscale divided by the number of items. Total POMS score
was calculated by adding scores of the four negative mood scales,
subtracting the score on the positive mood scale and adding 100 to this
total to prevent negative scores. Scores on the subscales of the RESTQ-
sport were also calculated by adding the scores on the items of each
scale divided by the number of items. Scores on general stress and
recovery and sport specific stress and recovery were calculated by68
adding the subscale scores divided by the number of subscales. Hormone
concentrations are presented in absolute as well as in percentage scores.
Pre exercise concentrations were set at 100%, post exercise
concentrations were divided by pre exercise concentrations and
multiplied by 100%.
RESULTS
RECOVERY STRESS QUESTIONNAIRE FOR ATHLETES
The stress-regeneration profile of the three athletes can be found in
Figure 5.2, general stress and recovery and sport specific stress and
recovery scores can be found in Table 5.2. The control subject showed
low levels on the general and sport specific stress scales and high levels
on the general and sport specific regeneration scales of the RESTQ-
sport. The athlete with NFO showed high levels of general and sport
specific stress and much lower levels of general regeneration. On sport
specific regeneration the athlete with NFO showed low levels on the
RESTQ-sport scales ‘being in shape’ and ‘self efficacy’ and high levels on
the scales ‘personal accomplishment’ and ‘self regulation’. From Figure
5.2 it can be seen that the athlete who was recovering from NFO showed
stress levels between the healthy control and the NFO athlete. On
general regeneration she also scored between the NFO and the healthy
athlete. On sport specific regeneration she scored higher than both other
subjects.
TABLE 5.2. SCORES ON THE RECOVERY STRESS QUESTIONNAIRE FOR ATHLETES 
(RESTQ-SPORT) FOR THE GENERAL STRESS AND RECOVERY AND THE SPORT 
SPECIFIC STRESS AND RECOVERY DOMAINS, TOTAL SCORE ON THE PROFILE OF 
MOOD STATES (POMS) AND REACTION TIMES (RT) ON THE ACTION AND THE 
REACTION MODE OF THE DETERMINATION TEST FOR THE NFO, RECOVERING NFO 
AND CONTROL ATHLETE 
      NFO  RECOVER C ON 
GENERAL STRESS 3.5  2.6  0.4 
GENERAL RECOVERY 2.4  3.4  4.1 
SPORT SP STRESS 4.5 3.1  0.3 
RESTQ-SPORT 
SPORT SP RECOVERY 2.4  3.8  3.5 
TOTAL POMS    106.0 105.1 97.6 
ACTION MODE 850  590  730 
MEDIAN RT 
REACTION MODE 820  600  680 
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depression anger fatigue vigour tension
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Figure 5.3.  Scores on the Profile of Mood States for the
non-functional overreached (NFO) athlete, the athlete
recovering from NFO and the healthy control athlete.
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Figure 5.2.  Scores on the Recovery Stress Questionnaire for Athletes
for the non-functional overreached (NFO) athlete, the athlete recovering
from NFO and the healthy control athlete.70
PROFILE OF MOOD STATES
Scores on the five scales of the POMS can be found in Figure 5.3, total
POMS scores can be found in Table 5.2. The control subject showed low
scores on the negative mood scales and a high score on the positive
mood scale. The athlete with NFO showed a high score on the scale
fatigue and moderate to low scores on the other mood scales including
the positive scale vigor. The recovering athlete showed moderate scores
on all scales.
REACTION TIME TASK
Median reaction times for the action and the reaction mode can be found
in Table 5.2. The athlete recovering from NFO showed shortest reaction
times. The NFO athlete showed longest reaction times. The control
athlete had a reaction time that was between the other two.
Reaction times for the six blocks with different presentation times can be
found in Figure 5.4. Reaction times are expressed as percentages of the
median reaction time for the first block to equal out individual
differences. The control athlete performs better on blocks with shorter
presentation times compared to the reference block with the longest
presentation time. The athlete with NFO performs worse as presentation
times become shorter. The athlete recovering from NFO does not show
performance differences at the blocks with the shortest presentation
times compared to the reference block.
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Figure 5.4. Reaction times at the six blocks of the
reaction mode of the Determination Test expressed
as percentages of the median reaction time for the
first block for the non-functional overreached
(NFO) athlete, the athlete recovering from NFO
and the healthy control athlete.71
TABLE 5.3. MAXIMAL HEART RATES (HRMAX), PRE AND POST EXERCISE VENOUS 
CONCENTRATIONS OF CORTISOL AND ADRENOCORTICOTROPHIC HORMONE (ACTH) 
FOR THE TWO EXERCISE TESTS 
NFO RECOVER C ONTROL 
     T1 T2 T1 T2 T1 T2 
HRMAX    185 183 199 197 188 188 
PRE  460 155 415 265 683 517 
CORTISOL 
POST  520 255 305 300 566 408 
PRE  14 1.2  8.26  12 6.3  6.5 
ACTH 
POST 43 39 50  47.2  21 39 
 
HORMONAL RESPONSES
Maximal heart rates and venous concentrations cortisol and ACTH of the
three subjects before and after the maximal exercise tests can be found
in Table 5.3. The athletes subjectively reported maximal effort in both
exercise tests. Indeed, maximal heart rates did not differ between the
tests. In Figure 5.5 cortisol reactions to maximal exercise are expressed
as percentages of concentrations before exercise. The control subject
showed a slight decrease in cortisol concentrations after both exercise
tests. The athlete who was recovering from NFO showed a light decrease
after the first and a slight increase after the second exercise test. The
athlete suffering from NFO showed a slight increase in cortisol after the
first and a large increase after the second exercise test.
An increase in ACTH concentration after the first exercise test was found
in all three athletes (Figure 5.6). The reaction of ACTH to the second
exercise test was comparable to the reaction to the first test for the
control athlete and the athlete recovering from NFO. The NFO athlete
showed a much larger increase in ACTH concentration to the second
exercise test.72
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Figure 5.6.  Venous adrenocorticotrophic (ACTH)
concentrations expressed as percentages of pre test
concentrations for the non-functional overreached
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functional overreached (NFO) athlete, the athlete
recovering from NFO and the healthy control athlete.73
DISCUSSION
Using the most recent terminology (Meeusen et al., 2006; Chapter 1 of
this thesis) subjects were classified as NFO, as recovering from NFO and
as a healthy athlete. On the different diagnostic tools remarkable
differences were found between the three athletes.
On the RESTQ-sport high levels of general and sport specific stress were
found in both patients. The NFO patient also showed low levels of general
regeneration. This finding supports the idea that NFO is not just caused
by high training loads, but by high levels of total stress in combination
with low regeneration (Kenttä & Hassmén, 1998; Meehan et al., 2004).
Stress-regeneration profiles as found in the present study can give
support to the diagnosis NFO as they give an indication for the aetiology
of underperformance and fatigue, of course after a careful exclusion
diagnosis has taken place.
The high stress and low regeneration levels found in the present study
showed that the perceived stress-regeneration balance is still disrupted
even though the acute training stressors have been taken away. The NFO
athlete had refrained from training for 2 weeks and the recovering
athlete for 3 months before participating in the study. Differences in
perceived levels of regeneration indicate that the RESTQ-sport might be
used as a tool to monitor the recovery process as there is no established
indicator that marks the endpoint of recovery from NFO (Meeusen et al.,
2006).
Besides being used as a monitoring tool the RESTQ-sport might also give
direction to treatment because of its many specific scales. For example,
the two patients in the present study showed a large difference at the
scale ‘conflicts/pressure’ with much higher scores for the NFO athlete.
Another remarkable difference between the two patients in the present
study is the difference in ‘being in shape’ and ‘self-efficacy’. Solutions
can be sought together with the athlete and the coaching team or the
athlete might be referred to a specialist such as a sport psychologist.
Total POMS scores were comparable between the NFO and the recovering
athlete. As a shortened version of the POMS was used in the present
study it is difficult to compare these scores to the score of the NFO
athlete in Hedelin et al.’s (2000b) study. What was clear from their study
is that total POMS score decreased after recovery. This is comparable to
the lower total POMS score of the control athlete in the present study
compared to the two patients.
When looking at the mood profiles of the subjects in the present study,
the control athlete showed a profile typical for athletes (Renger, 1993).
The NFO athlete scored low on three out of four negative mood scales,
which is normal for athletes. She scored much higher on the negative
scale ‘fatigue’ and lower on the positive scale ‘vigour’. The recovering
athlete showed a typical non-athlete mood profile with scores around the
middle of the scale (Renger, 1993). It is not clear whether this non-
athletic profile is due to no training for three months or is a reflection of
the recovery process. Longitudinal studies should investigate what is the
typical pattern of the POMS in athletes recovering from NFO and OTS.
Besides the possible difference with the RESTQ-sport in diagnostic value,
the POMS does also not give direction to intervention. Although the POMS74
has been used in hundreds of sport studies (LeUnes, 2000), it was
originally designed to measure the effect of psychotherapy and
psychotropic drugs on mood states (Wicherts & Vorst, 2004). The
RESTQ-sport is an adjusted version of the Recovery Stress Questionnaire
to which seven scales have been added to make is sport specific. The
original questionnaire has been designed for use in the general
population (Kellmann & Kallus, 2001). This difference could explain why
the RESTQ-sport seems more suitable than the POMS in the present
study.
Another important difference is generality/specificity of the
questionnaires. The POMS assesses four to seven mood states,
dependent of the version used. The RESTQ-sport assesses 19 different
stress and regeneration related scales divided over general and sport-
specific areas. So far, it seems that the RESTQ-sport has better value in
the diagnostic procedure than the POMS.
On the action and reaction mode of the Determination Test large
individual differences were found in median reaction times. Shortest
reaction times were found in the recovering athlete. The NFO athlete
showed the longest reaction times. The control athlete scored in between
the other two. It is difficult to ascribe these differences to the different
training status of the three athletes. It is possible that these differences
reflect normal individual variation as norm data show large variability
(Neuwirth & Benesch, 2003). An additional explanation could be found in
age effects. Comalli et al. (1962) showed already in 1962 that
performance on the Stroop Colour Word test increases from young
children to adults. However, no norm data for adolescents are available
on the Determination Test (Neuwirth & Benesch, 2003).
To eliminate these individual differences reaction times of the different
blocks in the reaction mode were expressed as percentages of median
reaction time of the first block. Shorter reaction times in the blocks with
short presentation times as found in the control athlete is a normal
finding in healthy athletes (e.g., compare control group in Chapter 3).
The reaction time profile of the NFO athlete differs from that normal
profile. She reacted slower as presentation times became shorter. This
could reflect the incapability of performing under pressure. The
recovering athlete had a median reaction time of 590 ms in the action
mode, the self-paced part of the test. She did not have to perform under
pressure as the shortest presentation time was 646 ms. The question
rises, if this test is suitable for people with very short reaction times. In
the norm data a reaction time of 640 ms represents the 85th percentile
(Neuwirth & Benesch, 2003). For athletes with longer reaction times the
test seems to differentiate between athletes who perform well under
pressure and athletes who can not perform well under pressure. Testing
more NFO athletes is necessary to confirm this hypothesis.
In the present study two maximal exercise tests were used to create
physical exhaustion. As the athletes subjectively reported maximal effort
and maximal heart rates did not differ between the tests, we can
conclude that the approach succeeded. As it has previously been
concluded that resting values of hormone concentrations are difficult to
interpret in terms of overreaching and overtraining (Meeusen et al.,
2006; Urhausen & Kindermann, 2002), reactions to the double exercise75
protocol will be discussed. Results will be compared to the results by
Meeusen et al. (2004) as these are the only reference data available.
Meeusen et al. (2004) measured hormonal reactions to a double exercise
protocol before and after a training camp. Data of an athlete diagnosed
with OTS were also presented (Meeusen et al., 2004).
Hormonal reactions of the control athlete to the double exercise protocol
were comparable to post training camp reactions. This could be due to
the fact that the control athlete was tested after an intensive training
week. Hormonal reactions of the NFO athlete were completely different.
She showed a slight increase in cortisol concentration after the first and
a large increase after the second exercise test. ACTH reactions showed a
similar pattern as cortisol, but with a much larger percentual increase
after the second exercise test. This possibly reflects hypersensitivity of
the pituitary gland and insufficient recovery after the first test in the
NFO patient. Prolonged hyper reactivity in NFO patients who keep on
training may eventually lead to exhaustion of the pituitary gland as
suggested  by Meeusen et al. (2004) describing the hormonal reactions
to a double exercise test in an  OTS patient.
The recovering athlete showed a cortisol reaction comparable to the pre
training camp data of Meeusen et al. (2004). Her ACTH reaction was
comparable to the post camp condition. It appears that during her
recovery process hypothalamic-pituitary-adrenal axis function almost
normalized but only a slight hypersensitivity of the pituitary gland still
persists, which possibly indicates that she was not fully recovered yet.
Future research should show how specific and how sensitive this method
is in diagnosing NFO. Additionally, athletes with OTS should be tested as
well to investigate the value of this procedure for diagnosing OTS as well
as to investigate if NFO can be distinguished from OTS using Meeusen’s
(2004) double exercise protocol.
The RESTQ-sport, the Vienna Determination Test and the hormonal
responses to two exercise tests are three different tools that could have
different values in the diagnosis of NFO. The POMS seems to be a less
suitable tool. The three valuable tests differ in difficulty of assessment
but also in manipulability. A questionnaire could be manipulated easily
whereas manipulation of a reaction time task is more difficult. Both tests
are not demanding for the athlete. For the sports physician the
questionnaire is the tool that can most easily be used in daily practice.
The hormone test, the double exercise protocol, seems least manipulable
but is most demanding.
Apart from the unique combination of diagnostic tools the present study
is also unique in the use of new terminology. It is important to make the
distinction between NFO and OTS as the prognosis is different (Meeusen
et al., 2006; Chapter 1 of this thesis). This distinction is an important
nuance, especially for the athlete. Also the distinction between FO and
NFO is important. As FO is seen as a state with possible positive
consequences it doesn’t have the negative annotations of NFO. It is
important to consistently use the new terminology to prevent confusion
in sports science as well as in clinical settings.
Of course, the major weakness of the present study is the small sample
size. Only one patient with NFO, one patient who was recovering from
NFO and one healthy athlete were studied. In future studies more76
patients should be presented to make quantitative comparisons. The
sensitivity and specificity of the diagnostic tools should be calculated so
that sports physicians can make an argumented choice.
In conclusion, the RESTQ-sport, the Vienna Determination Test and the
double exercise protocol are promising tools for the diagnosis of NFO. In
future studies more patients should be tested, including patients with
OTS.Chapter 6
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The purpose of the present study was to investigate the cross-cultural
validity of the Recovery Stress Questionnaire for Athletes (RESTQ-sport)
by analysing reliability and validity of a Dutch translation. Two studies
were performed to assess test-retest reliability, internal consistency and
factor structure. Criterion validity was assessed in the first study only, with
the Profile of Mood States as criterion measure. The test-retest reliability
of the Dutch RESTQ-sport was acceptable, especially as the RESTQ-sport
aims to measure stress and recovery states. Internal consistency was good
for most scales. In both studies, internal consistency was higher at the
second compared to the first measurement. Factor analyses confirmed the
stress-recovery structure of the Dutch RESTQ-sport. Criterion validity was
also supported. Overall, it was concluded that the Dutch RESTQ-sport has
sufficient reliability and validity. This gives support to the cross-cultural
usefulness of the scale.79
INTRODUCTION
Monitoring stress and recovery has become increasingly important in
sports. A disturbed stress-recovery balance can increase an athlete’s
vulnerability for injuries, overtraining or burn-out (Tenenbaum et al.,
2003b; Williams & Andersen, 1998). The Recovery Stress Questionnaire
for Athletes (RESTQ-sport) is a recently developed questionnaire that
can be used for this purpose (Kellmann & Kallus, 2001). The RESTQ-sport
is an extension of the general Recovery Stress Questionnaire (Kallus,
1995), which exists of 12 stress and recovery scales. Three sport-
specific stress scales and four sport-specific recovery scales were added
to the original questionnaire in the version for athletes. The
questionnaire focuses on the frequency of stress and recovery related
behaviours (e.g. I had a good time with friends) as well as on psycho-
physical states (e.g. I was in a bad mood).
The RESTQ-sport has predominantly been used in endurance athletes
such as rowers (e.g. Kellmann et al., 2001; Purge et al., 2006), cyclists
(Bouget et al., 2006; Chapter 3 of this thesis), and triathletes (Coutts et
al., 2006). The RESTQ-sport is currently being used in research projects
with soccer players as well.
The RESTQ-sport was successfully used to study perceived stress and
recovery states in monitoring studies with adolescent (e.g. Kellmann et
al., 2001) and adult athletes (e.g. Purge et al., 2006). In other studies
the RESTQ-sport has been used to measure the effect of high load
training on perceived stress and recovery (e.g. Bouget et al., 2006;
Coutts et al., 2006). The questionnaire has been used successfully in
different countries (e.g., France: Bouget et al., 2006; Australia: Coutts
et al., 2007; Germany: Kellmann et al., 2001; the Netherlands: Chapter
3 of this thesis; Estonia: Purge et al., 2006) which can be seen as
indirect proof of its cross-cultural usefulness.
However, the RESTQ-sport is not all good news. Davis et al. (Davis et al.,
2007) performed a validation study on the individual items of the
questionnaire. Davis and colleagues could not confirm the 19 subscales
of the RESTQ-sport. This type of validation had not been performed by
the original authors (Kellmann & Kallus, 2001).
The purpose of the present study was to examine cross-cultural
usefulness by analysing reliability and validity of the scales in the Dutch
version. As the RESTQ-sport has shown to be a useful tool in research
and practice the authors decided to validate the Dutch version following
the procedures of the original psychometric evaluation.
STUDY 1
The purpose of the first study was to test initial reliability and validity of
the Dutch RESTQ-sport. The questionnaire was translated from English
into Dutch by a native Dutch speaker who was an expert in English as
well as in the field of sports. The translation was checked by two other
experts of whom one was a native English speaker. Consistency and test-
retest reliability of the translated questionnaire were determined as well
as construct and criterion validity. The RESTQ-sport was compared to the
Profile of Mood States (POMS) for the determination of criterion validity.80
METHOD
SUBJECTS
Participants in the first study were 116 athletes (59 male, 57 female)
with a mean age of 23.1 (SD = 3.6) years. The mean amount of training
hours in the week before the first data collection was 6.8 (SD = 3.2)
hours. Participants trained for basketball (n = 11), korfball (n = 16),
rowing (n = 11), speed skating (n = 31) and volleyball (n = 47).
INSTRUMENTS
Recovery Stress Questionnaire for Athletes (RESTQ-sport).
The RESTQ-sport consists of 77 questions. Questions are answered on a
seven point Likert type scale. Questions have a stem that specifies the
period the athlete should look back. In the present study the ques-
tionnaire asks about activities in the past week. The first question is a
practice question that does not go into the analysis. The 19 scales of the
RESTQ-sport consist of the other 76 questions. Each scale consists of
four questions. There are 12 general and 7 sport-specific scales of which
seven scales measure general stress, five general recovery, three sport-
specific stress and four scales measure sport-specific recovery (Kell-
mann & Kallus, 2001).
Test-retest reliability of the RESTQ-sport is higher for shorter
measurement intervals. Test-retest reliability lies above .7 for most
scales over three days, it declines to around .5 over 9 days. Longer
measurement intervals give even lower test-retest reliabilities (Kellmann
& Kallus, 2001). This finding is consistent with the construct the
questionnaire measures, stress and recovery vary over time.
Internal consistency of the RESTQ-sport is good for most scales with
Cronbach’s alpha of .7 and higher. Although differences between samples
and fluctuations over time are present in nearly all scales, in some
samples insufficient reliability has been found for the scales Conflicts/
Pressure, Lack of Energy, Success and Disturbed Breaks (Kellmann &
Kallus, 2001).
Construct validity of the RESTQ-sport has been shown to be good. Both
the general and the sport specific scales loaded on either the factor
stress or on the factor recovery. In some samples some scales loaded
negatively on the other factor as well (Davis et al., 2007; Kellmann &
Kallus, 2001).
Criterion validity with the POMS as criterion measure has also been
shown to be good. Correlations were all in the expected direction. The
stress scales correlated positively with negative mood states and the
recovery scales correlated positively with the positive mood state and
vice versa (Kellmann & Kallus, 2001).
Profile of Mood States (POMS).
The Dutch POMS is a shortened version of the original POMS (McNair et
al., 1971) and consists of the five scales Depression, Anger, Fatigue,
Vigour and Tension. It consists of 32 items that are answered on a five
point Likert scale. The Dutch POMS has shown to have good reliability
and validity (Wicherts & Vorst, 2004).81
PROCEDURE
Coaches and trainers were asked for permission to contact their athletes
before or after a training session. If permission was given the procedure
was explained to the athletes and they were asked if they agreed on
participation. The athletes who agreed filled out the RESTQ-sport and the
POMS before or after a regular training session. The second
measurement occasion took place exactly one week after the first. This
time only the RESTQ-sport was filled out. Procedures of the study were in
accordance with ethical standards of the Helsinki declaration.
STATISTICAL  ANALYSIS
If more than one out of four values within a scale were missing,
participants were excluded from further analyses. Otherwise, the
missing value was replaced with the mean score of the corresponding
scale.
Both absolute and relative test-retest reliability were calculated.
Absolute reliability was calculated with the Bland and Altman (1999)
method. The mean difference between the scores on both days was
calculated. The 95% confidence interval to the mean difference was
calculated as follows:
With  d  the mean difference, t the critical t value for the number of
  ( ) n / s t d 95%CI d × − =
degrees of freedom and  d s  the standard deviation of  d . If zero lays
within the 95% confidence interval, it was concluded that no bias
existed. Intraclass correlation coefficient (ICC) was calculated for
determination of relative test-retest reliability. Cronbach’s alpha was
calculated for internal consistency. A maximum likelihood analysis with
oblique rotation and two fixed factors was done to examine the stress-
recovery factorial structure. Factor loadings smaller than .30 were
omitted from the tables for increased clarity. Finally, Pearson’s
correlations between RESTQ-sport scales and POMS scales were
calculated for criterion validity. All analyses were performed using SPSS
(version 11.01).
RESULTS
The first questionnaire of one of the subjects was excluded from further
analyses, because too many data were missing. Eighty-eight participants
took part in both measurements
Absolute and relative test-retest reliability were sufficient for most
scales (Table 6.1). The scale Success had a mean difference between the
two test scores significantly different from zero, as the 95% confidence
interval of the mean difference (Bland & Altman, 1999) of the scale
Success ranged from 0.02 to 0.33. This means that a test-retest bias was
present. The scales Physical Complaints  and Sleep Quality showed poor
relative test-retest reliability with ICC below .50.
Internal consistency was sufficient for most scales (Table 6.1).
Cronbach’s alpha for the first sample was above .60, except for the
scales Conflicts/Pressure and Self-regulation. In the second sample only
the scale Conflicts/Pressure was below .60. In general, internal82
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consistency was better for the second measurement.
Factor structure of the Dutch RESTQ-sport was comparable to the
original version. The stress recovery factor structure showed to be the
strongest structure (Table 6.2). All general and sport-specific stress
scales loaded on the first and all general and sport-specific recovery
scales loaded on the second factor. The factor structure of the second
measurement was generally stronger than the factor structure of the
first measurement. The scales General Stress, Physical Recovery,
General Well-Being and Being in Shape gave additional negative loadings
to the other factor. The scale Self-Regulation loaded positively on both
scales.
Criterion validity was good for most scales (Table 6.3). Stress scales of
the RESTQ-sport correlated positively with the negative mood scales of
the POMS and negatively with the positive mood scale. Recovery scales
of the RESTQ-sport correlated positively with the positive mood scale
and negatively with the negative mood scales of the POMS.
STUDY 2
All items of the scales with insufficient reliability or validity in study 1
were evaluated and modified if appropriate. Additional adjustments were
made according to our experience with the preliminary Dutch RESTQ-
sport. In total, 13 out of 76 items were modified. The purpose of the
second study was to evaluate reliability and validity of the improved
version of the Dutch RESTQ-sport.
METHOD
SUBJECTS, INSTRUMENT AND PROCEDURE
Participants were 123 athletes (66 male, 57 female) who participated in
basketball (n=14), gymnastics (n=11), handball (n=13), rowing (n=53)
and soccer (n=32). Their mean age was 21.9 (±2.5) years and they
practiced on average 8.6 (±4.6) hours a week. The subjects filled out the
improved version of the Dutch RESTQ-sport. The same procedures as in
study 1 were followed.
STATISTICAL ANALYSIS
The same analyses were performed as in study 1. Absolute test-retest
reliability was calculated with the Bland and Altman (1999) method.
ICC’s were calculated for relative test-retest reliability. Two factor
structure was studied using a confirmatory maximum likelihood factor
analysis with oblique rotation.
RESULTS
The second questionnaire of one of the subjects was excluded from
analysis, because too many data were missing. 90 Subjects participated
in both measurements.
Test-retest reliability can be found in Table 6.4. Absolute test-retest
reliability was insufficient for the scales Conflicts/Pressure, Lack of
Energy, Success, Physical Recovery and Emotional Exhaustion. Relative
test-retest reliability was insufficient for the scales General Stress,
Emotional Stress, Social Stress, Physical Complaints, Success, General85
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Well-Being and Sleep Quality with ICC’s below .50.
Internal consistency was good for most scales, except Physical
Complaints and Success in both samples and Self-Regulation in the first
sample.
The factor structure was good for both samples (Table 6.5). All general
and sport-specific stress scales of the Dutch RESTQ-sport loaded on the
first factor. All general and sport-specific recovery factors loaded on the
second factor. The scales General Well-Being and Sleep Quality had
additional negative factor loadings on the other factor. Self-Regulation
loaded positively on both scales in the second sample
DISCUSSION
The purpose of the study was to examine cross-cultural usefulness of the
RESTQ-sport by analysing reliability and validity of the Dutch translation.
Both absolute and relative test-retest reliability were acceptable in both
studies. It is difficult to draw conclusions from these reliability analyses,
as the RESTQ-sport is a state oriented questionnaire (Kellmann & Kallus,
2001). Indeed, test-retest reliabilities of the original RESTQ-sport
decreased with larger test-retest intervals. ICC’s in the present study
were comparable to those of the original version. It is noteworthy that
test-retest reliability was lower in the second study compared to the first
study of the present paper. Another notable finding is that absolute test-
retest bias was found in some scales whereas relative test-retest
reliability scores were low for other scales. This shows the importance of
performing both absolute and relative test-retest analyses.
The other aspect of reliability that was tested in this study, internal
consistency, was also comparable to the original version. In general,
internal consistency was better in the second compared to the first
measurement. This probably reflects the higher level of familiarity with
the instrument. Scales with Cronbach’s alphas below .60 in the Dutch
RESTQ-sport also scored low in the original version. The only exception
is the scale for Lack of Energy which scored below .60 in our second
study. Thus, cross-cultural reliability of the questionnaire is good.
Criterion validity of the Dutch RESTQ-sport was good. Stress scales
correlated positively with negative mood scales of the POMS, while
recovery scales correlated negatively with the negative mood scales. The
opposite was true for the positive mood scale of the POMS. Moderate
correlations between the RESTQ-sport and the POMS show that similar
but not identical constructs are measured. The correlations were all in
the expected direction, except for the scale Self-Regulation.
 The construct validity of the Dutch RESTQ-sport was also good. The
factor structure of the Dutch RESTQ-sport clearly distinguished the
stress scales from the recovery scales. Indeed, the stress recovery
structuring was the strongest factor structure in the original version as
well (Davis et al., 2007; Kellmann & Kallus, 2001). This gives support for
the cross-cultural validity of the questionnaire.
As was the case with internal consistency, the factor structure was
stronger for the second measurement. Apparently, it is important for
athletes to become familiar with the RESTQ-sport for better reliability
and validity. Like for the original version, it is our advise to always
familiarise athletes with the RESTQ-sport before using it in research or in89
practice.
The overall conclusion of the present paper is that the Dutch RESTQ-
sport has sufficient reliability and validity for use in sports practice and
research. The RESTQ-sport seems to be a tool that has cross-cultural
validity.90General discussion92
The hypothesis that psychomotor speed is an early marker for
overtraining was, at least partly, confirmed. In chapters 3 and 4 proof for
longer reaction times in early stages of overtraining has been found. In
chapter 3 five cyclists were FO after their training camp. Their reaction
times on the FPT were longer than before the training camp. The other
two groups, the well trained cyclists and the control group, showed
shorter reaction times on the FPT after this period. However, the
differences were not significant. In chapter 4 it was shown that rowers
who report lower perceived performance have significantly longer
reaction times on the DT. Some indication for cross-sectional differences
in reaction time on the DT between an NFO and a healthy athlete have
been shown in chapter 5. Thus, from this evidence one could conclude
that psychomotor speed is an early marker.
From chapter 2 it can be concluded that the usability of tasks of
psychomotor speed in sports practice is good. Although the purpose of
that chapter was not to show practical usability of the FPT, from the data
this conclusion can be drawn anyway. Subjects showed shorter reaction
times on the FPT after a maximal exercise bout, even when this was done
twice a day. Results from an earlier study show that reaction times on
the DT are unaffected by exercise (Lemmink & Visscher, 2005). This
shows that no false positive (i.e., an athlete is unjustly warned for
overtraining) conclusions can be drawn when performing tasks of
psychomotor speed after a practice session. However, the effect of time
of day nor the effect of performing such tasks in different environments
and/or on different computers have been investigated. Before tasks of
psychomotor speed can be included in, for example, an internet monitor,
we must be sure that these factors will not lead to false positive
conclusions either.
A notable aspect of the presented studies is the difference between
chapters 3 and 4 in the reaction time task that showed changes in early
stages of overtraining. In the high load training study, presented in
chapter 3, the FPT showed changes in reaction time but not the DT. In the
monitor study, chapter 4, differences were found on the DT but not at the
FPT. Differences between the two studies might help to explain these
contradictory findings.
An important difference between the studies is the difference in
periodisation of training load. In the high load training study there was a
clear periodisation. The cyclists were tested before and after a training
camp and after two weeks of recovery training. The training load of these
cyclists doubled during the training camp. In the monitor study the
measurement moments were further apart and hence a clear
periodisation between the measurements was not present. A group of
rowers was followed during a regular season. They were tested at five
time points throughout the season. Although I don’t have information on
the training load of these rowers, it is unlikely that at a certain time point
the load doubled.
Performance of the cyclists in the high load training study was assessed
with a maximal exercise test. Only the cyclists who did not perform well
after the training camp and showed changes in mood state or perceived
stress and recovery were classified as FO. In the monitor study
perceived performance was assessed using five questions. It is unknown93
how the performance assessment in the high load training study relates
to the performance assessment in the monitor study. For now it can only
be concluded that the FPT seems sensitive to sudden changes in training
load, whereas the DT seems sensitive to small changes in perceived
performance.
The next question then is, what makes the FPT so different from the DT?
In the discussion of chapter 4 it was already pointed out that both tasks
measure different aspects of reaction time. In the DT an emphasis is
placed on stimulus identification and response selection. This task
consists of five different visual/manual stimulus response combinations,
two visual/pedal stimulus response combinations and one auditory/
manual stimulus response combination. On the other hand, in the FPT the
emphasis is on selective stimulus detection and selective response
preparation. However, in chapter 2 it was concluded that the facilitative
effects of exercise on reaction time must be due to facilitation of the
motor component, as no interaction with pre-cue condition was found.
The same could therefore be concluded for the debilitative effect of FO.
It must be due to changes in the motor component as no interaction with
condition has been found. However, like in an earlier study (Rietjens et
al., 2005), the difference in reaction time was largest at the uncued and
the neither cued conditions. This interaction did not approach signi-
ficance, probably because of the small number of FO cyclists. It can
therefore not unambiguously be concluded that the psychomotor
slowness was only present in the motor component. Future studies
should reveal what aspect of information processing is affected, to which
factor the psychomotor slowness can be attributed.
Apart from the different aspects of information processing that are
emphasised in both tasks another difference should be noted. The FPT is
always self-paced. The next trial starts one second after each response.
In the first part of the DT, the action mode, the next stimulus appears
immediately after a correct response has been given. Thus, in the action
mode of the DT the subject never gets a moment of rest, whereas in the
FPT one second breaks are present between each trial.
In the second part of the DT stimuli appear with fixed intervals. The
presentation time of the stimuli becomes increasingly shorter, putting
subjects under pressure. The NFO subject in chapter 5 showed decreased
performance at blocks with short presentation times. It seemed that she
was unable to perform under pressure. The same pattern can be seen in
chapters 3 and 4. Reaction times in the blocks with the shortest
presentation times were slightly longer. As in both studies no interaction
with block was found, it must be concluded that this pattern did not
change over time.
Thus, although several differences between the studies described in
chapter 3 and 4 and several differences between the two reaction time
tasks have been described, it is hard to conclude what caused the
contradictory findings. An interesting aspect in the FPT is the finding that
the most complex conditions seem most affected.  The largest changes
occurred in the uncued and the neither cued conditions (Rietjens et al.,
2005; chapter 3 of this thesis). Still the overtraining was rather
asymptomatic. In the study in chapter 3 only small changes in
performance were found, whereas Rietjens et al. (2005) did not even94
show changes in performance. In both studies small changes in mood
state were found. The finding that reaction times became longer just at
the most complex FPT conditions is consistent with the threshold theory
(Satz, 1993). Satz proposed that brain lesions can be detected when
they are still asymptomatic using challenging assessment techniques.
Remember from chapter 1 that Satz’s threshold theory shows similarities
with Kenttä and Hassmén’s (1998) conceptual model. They proposed that
an athlete’s stress capacity determines at which stress regeneration ratio
problems of overtraining will occur. As it is not possible to measure
stress capacity nor the exact stress recovery ratio, the challenge lies in
detection of sub-threshold conditions. Results of the present dissertation
showed that tasks of psychomotor speed might be such assessment
techniques.
Does this mean that these tasks can readily be implemented in sports
practice? Unfortunately, I can not answer this question positively. At this
moment, there are still too many uncertainties. In the studies described
in this dissertation, reaction times were assessed under highly
standardised conditions. The tasks were performed in a quiet laboratory,
with standardised equipment. As was pointed out earlier in this chapter,
it is unknown what the influence of different environments and/or on
different computers is on reaction time. Another problem that arises is
the practice effect. It is generally known, and I have indeed found it in
all my studies, that reaction times become shorter as the task is
performed repeatedly. This effect is robust and can be present even with
many weeks between assessments, as was seen in chapter 4. This effect
is also unpredictable. Reaction times on the FPT in chapter 2 kept
becoming shorter even over 12 assessments in three weeks time (this
effect was not tested for significance), while reaction times on the FPT in
chapter 4 only became shorter from the first to the second
measurement. These uncertainties in combination with the puzzling
difference in results between studies make it too early to use
psychomotor speed as a marker for NFO or OTS.
Apart from the practical issues that need to be resolved a more
fundamental research question should be addressed in future studies.
What changes in the brain cause the psychomotor slowness associated
with overtraining? A combination of different (neuro-imaging)
techniques should be used to answer this question. Additionally, such
studies could help to find directions for treatment. At this moment, the
only known treatment is rest, as is the case for many other stress related
syndromes.References96
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Stress related problems are very common in our society and they can
have many different causes. The overtraining syndrome (OTS) is an
example of a stress related problem. OTS is caused by an inbalance
between (training) stress and recovery in athletes. Not only physical
stress plays a role in the development of OTS, also psychological and
social stress do. The most important symptoms are performance
decrements, persistent fatigue, altered eating and/or sleeping patterns
and concentration problems. A lot of research has been devoted to this
subject in the past 20 years. However, this effort has not yet resulted in
a marker for OTS that is useable in the sports practice. The goal of this
thesis is therefore to propose and investigate a new marker:
psychomotor speed.
This new marker is introduced in the first chapter. This chapter starts
with an explanation of new terminology. Functional overreaching (FO) is
the term that will be used for short term performance decrements and
fatigue. It is called functional, because there are no negative
consequences in the long term. For example, FO can occur after a
training camp.
When performance decrements and fatigue are not reversed within a
pre-planned period, we speak of non-functional overreaching (NFO). The
longer recovery period that is needed might interfere with planned
matches or races and might result in deconditioning.
We only speak of OTS when performance decrements and fatigue are
accompanied by clinical symptoms as depression, eating or sleeping
disorders or hormonal deviations. The other distinction between NFO and
OTS is the time that is needed for recovery. Whereas an athlete with NFO
will be recovered within a couple of months, recovery from OTS might
take years.
Estimates of the prevalence of OTS should be adjusted in the light of this
new terminology. It is estimated that 20 to 60% of all athletes
experience OTS at least once during their career. These numbers seem
too high for OTS and might be more correct for NFO.
Psychomotor speed is possibly a good marker for NFO and OTS. This
hypothesis is based on the similarities that exist between OTS on the one
hand and major depression (MD) and chronic fatigue syndrome (CFS) on
the other hand. It is also based on the fact that both MD and CFS
patients show psychomotor slowness.
Symptoms of CFS and OTS are similar. Both groups of patients
experience a combination of fatigue with other symptoms as
concentration problems and/or depressed mood states. Also, in both
groups a dysfunction of the hypothalamic-pituitary-adrenal axis has been
found. Differences between healthy subjects and CFS and OTS patients
are small at rest. Hormonal reactions to stress tests give more
pronounced results. Additionally, dysfunctions of the immune system and
the autonomic nervous system have been found in both CFS and OTS
patients. Similarities between MD and OTS have been described by
Armstrong and VanHeest (2002). Those mainly concern symptoms and
hormonal patterns. It is concluded that there are similarities between
both MD and CFS and OTS, but that the syndromes are different.
As has been shown in earlier studies, I show in my thesis that both MD
and CFS patients show a consistent psychomotor slowness. Meta-107
analyses show that this slowness is present in easy as well as in difficult
reaction time tasks.
Difficult reaction time tasks seem most relevant for measuring
psychomotor speed in sports. Therefore, I choose to use the Finger Pre-
cuing Task (FPT) and the Determination Test (DT). The FPT is a four
choice reaction time task. In three out of four conditions the number of
choices is reduced to two by a cue. The actual stimulus appears after the
cue. The subject should react as fast as possible to this stimulus. The
difference between the conditions allows interpretation of the results in
terms of selective stimulus detection and response preparation.
The DT is a very difficult reaction time task that consists of seven visual
stimuli and one auditory stimulus to which six manual reactions and two
pedal reactions are possible. The DT consists of two parts, the action
mode and the reaction mode. During the action mode a new stimulus
only appears after a correct reaction has been given. During the reaction
mode stimuli occur at fixed time intervals.
To investigate whether psychomotor speed is a marker for OTS different
research paradigms over the full training continuum should be used.
Thus, studies were conducted ranging from investigating the effect of
acute bouts of exercise on reaction time, the effect of a training camp to
a full training season. At the end of the training continuum I conducted a
study with patients with NFO.
In chapter 2 a study into the effects of acute bouts of exercise is
described. Previous studies have shown that exercise facilitates reaction
time. However, it is unknown if the ability to prepare responses is
affected by exercise. As many athletes practice or compete more than
once a day, the purpose of the present study was to investigate the
effect of two maximal exercise bouts on reaction time with or without
response cuing. Thirteen subjects performed the finger pre-cuing task
before and after two maximal incremental graded treadmill runs on one
day. This exercise trial was counterbalanced with a control trial in which
the same subjects sat quietly instead of running. A significant interaction
effect between time and trial was found, showing shorter reaction times
on the finger pre-cuing task after exercise but not after rest. The
facilitative effect of exercise was the same for all cuing conditions,
indicating that exercise affected the motor and not the premotor
component of reaction time. Furthermore, the facilitative effect was the
same for the first and the second exercise bout, consistent with the fact
that subjects showed full recovery between exercise bouts.
In chapter 3 a study into the effect of a training camp is described. The
purpose of the study was to investigate whether FO athletes show
psychomotor slowness after a period of high load training. Fourteen well
trained cyclists (10 male, 4 female) performed a maximal graded
exercise test on a cycle ergometer, filled out two questionnaires and
performed two tests of psychomotor speed before and after high load
training and after two weeks of recovery training. A control group
performed the two tests of psychomotor speed on the same occasions
without changing physical activity levels.
Five cyclists were classified as FO, seven cyclists were classified as well
trained and two cyclists were excluded from analysis. Results showed no
significant differences in psychomotor speed between the control, well108
trained and FO groups on the three measurements. A trend towards
psychomotor slowness was found for the FO compared to the control
group after high load training. Additional research with more subjects
and a greater degree of overload training is necessary to more
conclusively determine if psychomotor speed can be used as an early
marker for overtraining.
The purpose of the study in chapter 4 was to investigate if psychomotor
speed can predict perceived performance. It was hypothesised that lower
perceived performance was related to longer reaction times. A total of 85
measurements at five measurement occasions over the course of the
rowing season were taken. Perceived performance was measured with
the scale ‘Reduced Sense of Accomplishment’ of the Athlete Burnout
Questionnaire. Reaction times were measured with the FPT and with two
parts of the DT, the action and reaction modes. The complex structured
data were analysed with multilevel modelling using the program MLwiN.
Random intercept linear models showed that perceived performance was
not related to reaction times on the FPT. Lower perceived performance
significantly predicted reaction times on the action and reaction modes
of the DT. In rowers who were not selected for the team after
participating in two measurements, this relation did not exist in the
action mode; deselection was a moderator. In conclusion, a significant
relation between reaction times on the DT and perceived performance
was found.
In chapter 5 four possible confirmative tools have been examined in
three female speed skaters between 16 and 19 years old. A NFO athlete,
an athlete who was recovering from NFO and a healthy control athlete
were examined. The NFO athlete showed high stress and low
regeneration levels at the Recovery Stress Questionnaire for Athletes
(RESTQ-sport). The recovering athlete showed a more favorable profile,
although she still showed higher stress and lower recovery than the
control athlete. On the Profile of Mood States (POMS) the NFO athlete
showed an unfavorable profile. The control athlete showed the typical
iceberg profile. The recovering athlete showed a profile similar to
sedentary individuals. Hormonal reactions to two maximal exercise bouts
also differed between the three subjects with an overreaction after the
second exercise bout of the NFO athlete as the most remarkable finding.
Results on the DT, which are most interesting in light of the current
thesis, showed shortest reaction times for the recovering athlete and
longest reaction times for the NFO athlete. When reaction times on the
reaction mode were expressed as a percentage of initial reaction time
results showed decreased performance under pressure for the NFO
athlete. The healthy control athlete showed increased performance
under pressure, which was also found in the previous chapters. Reaction
times of the recovering athlete did not change under pressure. This could
be due to the fact that her initial reaction time was faster than the
shortest presentation time. Thus, she probably never had to perform
under pressure.
The purpose of the two studies in chapter 6 was to investigate reliability
and validity of a Dutch translation of the RESTQ-sport. Test-retest
reliability, internal consistency and factor structure were assessed in
both studies. Criterion validity was assessed in the first study only, with109
the POMS as criterion measure. The test-retest reliability of the Dutch
RESTQ-sport was acceptable, especially as the RESTQ-sport aims to
measure stress and recovery states. Internal consistency was good for
most scales. In both studies, internal consistency was higher at the
second compared to the first measurement. Factor analyses confirmed
the stress-recovery structure of the Dutch RESTQ-sport. Criterion
validity was also supported. Overall, it was concluded that the Dutch
RESTQ-sport has sufficient reliability and validity. This gives support to
the cross-cultural usefulness of the scale.
Results of the different studies are compared in the general discussion.
Following the results of the studies in chapter 3 and 4 it is concluded that
psychomotor speed could indeed be an early marker for NFO and/or OTS.
A notable difference between these two studies is the fact that in chapter
3 significant results were found on the FPT whereas in chapter 4
significant results were found on the DT. This discrepancy could be
explained by differences between the studies. First, in chapter 3 training
loads doubled during the training camp, whereas in chapter 4 reaction
times were studied during a normal training season. Secondly, there is a
difference in performance assessment between the studies. In chapter 3
a maximal exercise test was used to measure maximal performance
capacity, whereas in chapter 4 a questionnaire was used to assess
perceived performance. The FPT and the DT measure different aspects of
reaction time. The FPT measures selective stimulus detection and
response preparation, the DT measures stimulus identification. Whether
these aspects are influenced differently over the training continuum
could be the subject of future studies.
Another issue that is discussed is the usefulness of reaction time tasks in
sports practice. In chapter 2 it was shown that assessment of reaction
time after an exercise bout will not lead to false warnings. Reaction time
measurements are also affordable, which makes the practical useability
high. However, at this moment there are still too many uncertainties for
including reaction time tasks in a training monitor. For example, it is not
known how many measurements the practice effect lasts. Above all, we
will have to know what the effect of external disturbances and the use of
different setups is. Additionally, as a scientist, I would like pose a more
fundamental question. What mechanism causes psychomotor slowness in
overtraining athletes?110Samenvatting112
Stressgerelateerde problemen komen in onze maatschappij veel voor. Ze
kunnen verschillende oorzaken hebben. Het overtrainingssyndroom
(OTS) is een voorbeeld van een stressgerelateerd probleem bij sporters.
OTS wordt veroorzaakt door een verstoorde balans tussen stress en
herstel. Niet alleen fysieke stress, maar ook psychologische en sociale
stress spelen een rol bij het ontstaan ervan. Een verminderd
prestatievermogen, voortdurende vermoeidheid, een veranderd eet- en/
of slaappatroon en concentratieproblemen zijn symptomen van OTS.
Er is in de laatste 20 jaar veel onderzoek gedaan naar OTS. Dit
onderzoek heeft echter nog niet geresulteerd in een goed bruikbare
marker. Het doel van dit proefschrift is daarom een nieuwe marker te
onderzoeken: reactiesnelheid.
In het eerste hoofdstuk wordt deze nieuwe marker geïntroduceerd. Aan
het begin van dit hoofdstuk wordt een nieuwe terminologie omtrent
overreaching en overtraining voorgesteld. Er wordt voorgesteld de term
functionele overreaching (FO) te gebruiken indien prestatieafname en
vermoeidheid snel weer verdwijnen. Omdat de overreaching nu geen
negatieve gevolgen heeft gehad op de lange termijn wordt ze functioneel
genoemd. FO kan bijvoorbeeld voorkomen na een trainingskamp.
Wanneer prestatieafname en vermoeidheid niet binnen de gestelde
termijn verdwijnen, is er sprake van niet-functionele overreaching
(NFO). De overreaching was niet-functioneel, omdat de langere
hersteltijd een afname van de conditie tot gevolg kan hebben en kan
interfereren met bijvoorbeeld geplande wedstrijden.
Van OTS is alleen sprake als de prestatieafname en vermoeidheid
gepaard gaan met ernstige symptomen als depressie, eet- en/of
slaapstoornissen en een afwijkend hormonaal patroon. OTS kan
onderscheiden worden van NFO door de aanwezigheid van klinische
symptomen en door de hersteltijd die nodig is. Een sporter met NFO zal
na een aantal maanden hersteld zijn, terwijl herstel van OTS enkele
jaren kan duren.
In het licht van deze nieuwe terminologie moeten cijfers over de
prevalentie van OTS worden bijgesteld. Tot nu toe werd aangenomen dat
20 tot 60% van de sporters tenminste eens in hun carrière met OTS
geconfronteerd werd. Deze cijfers zijn waarschijnlijk te hoog en passen
beter bij NFO dan bij OTS.
Reactiesnelheid zou een goede marker kunnen zijn voor NFO en OTS. Er
zijn veel overeenkomsten tussen enerzijds OTS en anderzijds depressie
en chronische vermoeidheid. Patiënten met deze aandoeningen zijn
consequent trager op reactiesnelheidstests in vergelijking tot gezonde
mensen.
De overeenkomsten tussen OTS en chronische vermoeidheid zijn onder
andere te vinden in de symptomen. Beide patiëntgroepen ervaren
vermoeidheid in combinatie met onder andere concentratieproblemen en
depressieve gevoelens. Daarnaast is in beide patiëntgroepen een
afwijkend functioneren van de hypothalamus-hypofyse-bijnieras
geconstateerd. Alhoewel kleine afwijkingen in hormonale rustwaarden
geconstateerd zijn, lijkt met name de reactie op stresstests afwijkend te
zijn. Ook afwijkingen in immuunfunctie en in het autonome zenuwstelsel
behoren tot de overeenkomsten tussen OTS en chronische vermoeidheid.
De overeenkomsten tussen depressie en OTS zijn uitgebreid beschreven113
door Armstrong en VanHeest (2002). Deze betreffen de oorzaken en
symptomen alsook hormonale patronen. Voor zowel chronische
vermoeidheid als voor depressie geldt, dat er veel overeenkomsten zijn
met OTS, maar dat het om verschillende syndromen gaat.
Zowel in eerder verschenen artikelen als in mijn proefschrift is
aangetoond dat depressieve patiënten en chronisch vermoeide patiënten
een lagere reactiesnelheid hebben dan gezonde mensen. Meta-analyses
laten zien dat deze traagheid aan te tonen is met veel verschillende
reactietijdtaken. Hiervoor zijn alle artikelen van de laatste 10 jaar
geanalyseerd waarin onderzoek beschreven is naar reactietijd bij deze
patiëntgroepen. Hieruit blijkt dat er sprake is van traagheid bij zowel
makkelijke als moeilijke reactietijdtaken.
Voor de sportsituatie lijken moeilijke reactietijdtaken het meest
interessant. Er is gekozen voor twee verschillende reactietijdtaken: de
finger pre-cuing task (FPT) en de determination test (DT). De FPT is een
vierkeuze reactietijdtaak. In drie van de vier condities brengt een
aanwijzing het aantal keuzes terug tot twee. In de vierde conditie zijn
vier keuzes mogelijk. Na de aanwijzing verschijnt de stimulus waarop de
sporter zo snel mogelijk moet reageren. Door het verschil tussen de
condities is het mogelijk resultaten te interpreteren in termen van
selectieve stimulusdetectie en responsvoorbereiding.
De DT is een zeer moeilijke reactietijdtaak met zeven verschillende
visuele stimuli en een auditieve stimulus. Reacties worden in zes
gevallen met de dominante hand en in twee gevallen met een voet
gegeven. De DT bestaat uit twee delen. In het eerste deel verschijnt de
volgende stimulus zodra een correcte reactie gegeven is, dit is de
actiemodus. In het tweede deel verschijnen de stimuli met vaste
tijdintervallen, de reactiemodus. De nadruk ligt bij de DT op stimulus
identificatie.
Om te kunnen onderzoeken of reactiesnelheid inderdaad een goede
marker voor OTS zou kunnen zijn, is het noodzakelijk studies te doen van
het begin tot het eind van het trainingscontinuüm. Dus van het effect van
acute inspanning, een korte periode met zware trainingsbelasting en een
volledig trainingsseizoen naar reactiesnelheid bij sporters met NFO en/of
OTS.
In hoofdstuk 2 is een studie beschreven naar het effect van acute
inspanning op reactiesnelheid gemeten met de FPT. Uit eerder onderzoek
komt naar voren dat acute inspanning zowel een faciliterend als
debiliterend effect kan hebben op reactiesnelheid. Of inspanning een
effect heeft op de selectieve voorbereiding van een respons, is nog niet
onderzocht. De FPT is een taak die gebruikt kan worden voor het meten
van selectieve responsvoorbereiding. Een ander onderwerp dat in de
studie in hoofdstuk 2 is onderzocht, is het effect van twee inspanningen
op één dag op reactiesnelheid en responsvoorbereiding. Het doel van
deze studie was om, het effect van twee maximale inspanningen op één
dag op reactiesnelheid en selectieve responsvoorbereiding te
bestuderen.
In deze studie hebben we elf mannelijke en twee vrouwelijke midden en
lange afstandslopers tweemaal op één dag een maximale inspannings-
test laten doen. De inspanningstest bestond uit een stappentest op de
loopband, waarbij iedere 3 minuten de snelheid verhoogd werd tot 14 km114
per uur. Daarna werd de helling iedere 3 minuten met 1% verhoogd. De
test stopte als de loper aangaf niet meer verder te kunnen. Tussen de
tests hadden de lopers drie uur om uit te rusten. In die periode kregen ze
voldoende te eten en te drinken. De lopers deden voor en na iedere test
de FPT. In de controle trial hebben de lopers rustig gezeten in plaats van
gerend.
Uit de resultaten blijkt dat de maximale inspanning een positief effect
had op reactietijd. Er was echter geen verschil tussen de condities. Dit
betekent dat inspanning geen specifiek effect heeft op
responsvoorbereiding, maar een algemeen effect op het geven van de
respons. Bovendien was er geen verschil tussen de eerste en de tweede
inspanningstest.
In hoofdstuk 3 is een studie beschreven naar het effect van een
trainingskamp op reactiesnelheid. In een eerdere studie is aangetoond
dat reactiesnelheid afneemt op de moeilijkste twee condities van de FPT
na een periode van intensieve training. In die studie was echter geen
sprake van FO, omdat het prestatievermogen niet afgenomen was. Het
doel van de studie in hoofdstuk 3 was, bestuderen of sporters met FO
trager zijn dan een controlegroep na een trainingskamp.
In deze studie zijn tien mannelijke en vier vrouwelijke wielrenners en
mountainbikers voor en na hun trainingskamp en na twee weken
hersteltraining getest op prestatievermogen en op reactietijd. In deze
studie is reactietijd gemeten met zowel de FPT als de DT. Deze tests zijn
ook afgenomen bij een controlegroep, die bestond uit fysiek actieve
mensen van hetzelfde geslacht en dezelfde leeftijd als de fietsers.
Vijf renners waren na het trainingskamp FO. De resultaten zijn verwerkt
met ANOVA’s met drie herhaalde metingen en drie groepen. De renners
met FO waren direct na het trainingskamp op de FPT trager dan de
controlegroep, alhoewel dit verschil niet significant was. Op de DT was
geen verschil te zien tussen de groepen op de verschillende tijdstippen.
Het is onduidelijk in hoeverre het kleine aantal fietsers dat na hun
trainingskamp FO was, de resultaten heeft beïnvloed. Het is wel duidelijk
dat de trend die in deze studie gevonden is, overeenkomt met de theorie
en de hypothese.
In hoofdstuk 4 is de relatie tussen reactiesnelheid en subjectief
prestatievermogen onderzocht. Een groep roeiers is vijf keer tijdens het
roeiseizoen langsgeweest voor reactietijdmetingen en voor een
vragenlijst. Reactietijden zijn gemeten met zowel de FPT als met de DT.
Subjectief prestatievermogen is gemeten door middel van een
vragenlijst. De vragenlijst was één van de drie schalen van een burn-out
vragenlijst voor sporters.
Een groep van 14 mannelijke en 12 vrouwelijke roeiers heeft meegedaan
aan de studie. Tussen september en juli zijn in totaal 85 metingen
verricht. Tien roeiers stopten met deelname aan de studie, omdat zij niet
geselecteerd werden voor het wedstrijdseizoen. Nog eens vier
vrouwelijke roeiers stopten met het onderzoek, omdat zij deelname te
belastend vonden.
Om de resultaten te analyseren zijn drie regressiemodellen geschat, één
voor de FPT, één voor de actiemodus en één voor de reactiemodus van de
DT. In het model voor de FPT werd geen relatie gevonden tussen
subjectief prestatievermogen en reactiesnelheid. De twee modellen voor115
de DT lieten zien dat een lager subjectief prestatievermogen gerelateerd
is aan een lagere reactiesnelheid. Deze relatie was echter niet aanwezig
bij de tien roeiers die niet geselecteerd waren. Blijkbaar modereren
bepaalde variabelen deze relatie. In deze studie is de hypothese, dat
reactiesnelheid een vroege marker zou kunnen zijn voor overtraining,
dus bevestigd voor de DT en niet voor de FPT.
In hoofdstuk 5 worden drie casussen beschreven. Twee jonge
schaatsters, die een sportarts geconsulteerd hebben met klachten van
overtraining, en een even oude gezonde schaatster hebben twee
maximale inspanningstests gedaan op één dag om ACTH- en
cortisolreacties te bepalen. Ook hebben zij op die dag twee vragenlijsten
ingevuld, de Profile of Mood States (POMS) en de Recovery Stress
Questionnaire for Athletes (RESTQ-sport), en hebben zij de DT
uitgevoerd. Voor dit proefschrift zijn met name de resultaten op de
reactietijdtaak interessant.
Bij één van de schaatsters is de diagnose NFO gesteld, de andere
schaatster was ten tijde van de metingen reeds herstellende van NFO. Bij
de gezonde schaatster werden geen afwijkende resultaten gevonden in
de diagnose. De schaatster die herstellende was van NFO liet de kortste
reactietijden zien, de schaatster met NFO de langste. Wanneer
reactietijden op de reactiemodus uitgedrukt worden in een percentage
van initiële reactietijd, zien we een ander beeld. De schaatster met NFO
gaat slechter presteren zodra de stimuli sneller achter elkaar
verschijnen. Deze schaatster lijkt dus minder goed te presteren onder
druk. De gezonde schaatster gaat juist beter presteren zodra de stimuli
sneller verschijnen, zij presteert dus beter onder druk. De herstellende
schaatster blijft steeds ongeveer even snel reageren. Haar initiële
reactietijd was echter veel korter dan de kortste presentatietijd. Het is
daarom mogelijk, dat zij niet onder druk heeft hoeven presteren.
Resultaten op de hormoontests waren met name interessant voor de
schaatster met NFO. Zij liet een duidelijke overreactie zien na de tweede
inspanningstest. Resultaten op de POMS lieten een duidelijk afwijkend
beeld zien voor de NFO schaatster, een normaal sportersbeeld voor de
gezonde schaatster en een beeld dat normaal is voor niet actieve mensen
bij de herstellende schaatster. De resultaten op de RESTQ-sport lieten
een hoog stress- en een laag herstelniveau zien voor de NFO schaatster.
De herstellende schaatster liet een iets positiever beeld zien, alhoewel
niet zo positief als de gezonde schaatster.
In hoofdstuk 6 worden twee studies beschreven waarin de Nederlandse
vertaling van de RESTQ-sport is gecontroleerd op betrouwbaarheid en
validiteit. In beide studies is de test-hertestbetrouwbaarheid, interne
consistentie en factorstructuur onderzocht. De criteriumvaliditeit is
alleen in de eerste studie onderzocht, met de POMS als criterium. De
test-hertestbetrouwbaarheid was redelijk groot, zeker wanneer men
rekening houdt met het feit dat de vragenlijst een momentopname van
ervaren stress en herstel is. De interne consistentie was goed. In beide
studies was de interne consistentie hoger voor de tweede dan voor de
eerste meting. Factor analyses bevestigden de structuur met twee
factoren voor de Nederlandse vertaling. Criteriumvaliditeit was ook
goed. De Nederlandse vertaling van de RESTQ-sport is dus een
betrouwbare en valide vertaling.116
In de algemene discussie worden de resultaten van de verschillende
studies op een rij gezet en besproken. Over het algemeen kan
geconcludeerd worden dat reactiesnelheid inderdaad een mogelijke
marker is voor NFO en/of OTS. Dit werd immers in hoofdstuk 3 en 4
aangetoond. Een opvallend verschil tussen de resultaten van hoofdstuk 3
en 4 is het feit dat in hoofdstuk 3 een verschil in reactiesnelheid
gevonden wordt op de FPT, terwijl in hoofdstuk 4 een verschil gevonden
wordt op de DT. Er zijn een aantal belangrijke verschillen tussen de twee
studies die het verschil in de resultaten zou kunnen verklaren. Ten eerste
was er in hoofdstuk 3 sprake van een verdubbeling van de
trainingsbelasting gedurende een korte periode, terwijl in hoofdstuk 4
onderzoek is gedaan tijdens een normaal trainingsseizoen. Een tweede
verschil is de manier waarop prestatie gemeten is. In hoofdstuk 3 is
prestatie gemeten middels een maximale inspanningstest, terwijl in
hoofdstuk 4 subjectief prstatievermogen gemeten is. Eerder is reeds
benadrukt dat bij de FPT de nadruk ligt op selectieve stimulus- en
responsvoorbereiding, terwijl bij de DT de nadruk ligt op stimulus
identificatie. Of deze aspecten van reactiesnelheid verschillend beïnvloed
worden in verschillende fasen van training zou een onderwerp van
toekomstige studies kunnen zijn.
Een ander punt dat besproken wordt in de algemene discussie is de
praktische bruikbaarheid van reactiesnelheid als vroege marker. Het
meten van reactiesnelheid is goed haalbaar in de sportpraktijk, er is
immers alleen een computer en een rustige ruimte voor nodig.
Bovendien blijkt uit de resultaten uit hoofdstuk 2, dat je geen onterechte
waarschuwing zult geven indien de reactietijdtaak direct na een zware
training wordt afgenomen. Sporters zijn immers sneller en niet
langzamer na een zware inspanning. Toch is het gebruiken van
reactiesnelheid als vroege marker voor NFO en/of OTS nog niet haalbaar
in de praktijk. Daarvoor zouden we eerst moeten weten hoe lang het
oefeneffect aanhoudt. Bovendien zouden we moeten weten wat de
invloed is van het uitvoeren van de reactietijdtaak in verschillende
ruimtes. Met andere woorden, wat het effect is van verstoringen op de
testuitslag. Daarnaast zou ik als wetenschaper graag een meer
fundamentele vraag stellen. Wat veroorzaakt de reactietraagheid bij
overbelastte sporters?117
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